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Executive Summary 
Introduction 
State transportation research centers must strike a balance between serving the needs of 
transportation planners, officials, engineers, and the general public-users of the 
transportation system. Scrutiny of the use of public funds and the reality of the political 
environment must also be addressed. 
The activity generally defined as research encompasses a variety of work types and 
touches many functional areas. While it is sometimes taken for granted that investments 
in transportation research should yield positive social and economic benefits, little work 
has been found that helps a transportation agency to systematically quantify the benefits 
of its program. State transportation research centers, just as any other research institute, 
strive to measure their performance activities. Positive economic returns associated with 
research findings serve as justification for past and future requested research budgets. 
Programmatic benchmarking and performance measurement take on even greater 
significance in times of fiscal restraint, when budget cuts might affect research programs 
significantly. 
One of the key problems in research management is that of quantitatively evaluating 
research, whether completed, planned, or in progress. On the one hand, research 
managers themselves need to evaluate individual projects to make management decisions 
relating to the department's (agency) research and development portfolio, on the other 
research program managers are continually under pressure from upper management to 
explain and defend the value of their programs in financial terms. The latter is 
particularly true in times when research programs face increasingly reduced budgets, and 
trade-offs between long-term, basic research and short-term, applied research become 
more necessary. 
Current State of Research 
Most transportation research programs rely on a few very large and easily quantified 
success stories to justify their investment levels to decision makers. In the absence of 
other performance measures, this method is certainly legitimate but not comprehensive. 
It is difficult to quantify the success of transportation research programs, and traditional 
economic or financial net present value approaches are not necessarily appropriate. 
Relatively little work has been undertaken to identify the efficacy of the research activity 
itself, or to evaluate the research activity on a benefit/cost or return on investment basis. 
Extensive research on currently available evaluation methods showed that there is not a 
universal approach to project valuation. Rather, there are different valuation approaches, 
Center For Urban Transportation Research 
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which have been applied to tentatively ascribe an economic value to the benefits of 
transportation research programs. Some of these approaches try to provide quantitative 
measurements, but most rely on qualitative assessments to overcome what appears to be 
the main constraint to evaluation: the capability to measure economic benefits of 
transportation research programs. 
Study Objectives 
The objective of this study was to develop an approach to measure the value of research 
projects and to provide some measure of the benefit and return on research expenditures. 
To achieve these objectives, the Center for Urban Transportation Research (CUTR) 
initiated a review of the projects sponsored by the Florida Department of Transportation 
(FDOT) Research Center. CUTR further investigated what had been already 
accomplished in the field of quantification of research benefits and sought to determine 
what kinds of research different measurement tools best measured. Finally, CUTR 
compared traditional measurement tools to the Real Options Approach and found 
valuable evidence indicating the significant contribution that this alternative approach 
provides. Under the conditions of limited data availability, commonly found in 
transportation research agencies, CUTR found that the Real Option Approach, combined 
with Monte Carlo simulation, could be adopted to better capture the elements of risk and 
uncertainty to provide a more accurate economic evaluation of research projects. 
Recommended Findings 
1. A "matrix approacl," sliould be applied in creating a researcl, portfolio tliat 
includes a mix of l1ig/1-risk, liig/1-potential payoff projects wit/, otlier researcl, 
initiatives. 
Among the currently available evaluation approaches, CUTR recognized that no single 
method is suited to evaluate projects across all proposed categories. Rather, even within 
one category, one or more approaches may be well suited, dependent on agency 
constraints and objectives. 
This matrix supports the evidence that project evaluation needs to be multidimensional, 
incorporating not only the project categories but also the dimensions of time, risk, and 
ease of quantification. Ultimately, CUTR found that in the presence of data availability 
(and an established collection procedure), for those projects characterized by elements of 
uncertainty in outcome, the RO Approach (by means of a binomial decision tree) better 
represents and captures the potential payoffs of a proposed project. The "matrix 
approach" may also be useful in creating a research portfolio that includes a mix of high-
risk, high-potential payoff projects with other research initiatives. 
Centt:r For Urban Transportation Research 
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2. Utilize an extension of t!te Real Option Approac!t as a more sop!tisticated tool 
for measuring t!te potential benefits of transportation researc!t. 
The RO Approach can help to provide a better assessment of Research and Development 
(R&D) projects whenever there is a relevant element of risk and uncertainty. 
Transportation R&D projects have the potential to produce enom1ous benefits, but they 
come with the risk that actual benefits, costs, and other factors affecting implementation 
may differ greatly from those predicted. Investment in transportation R&D can be 
regarded as the option, not the obligation, to take some action in the future. The option 
approach shifts this decision-making process from simply choosing whether to invest in 
an R&D project to a management perspective that considers a range of possible 
decisions, with the potential value of each decision measured in terms of its option-
creating value. 
Eventually, the option valuation process could be extended to all those project types that, 
according to CUTR' s proposed evaluation matrix, can be valued by means of the RO 
Approach. Accordingly, the project manager could produce an optimal project portfol io. 
By allowing a change of input parameters according to project type and category, the 
research manager could produce an optimal portfolio geared at maximizing returns given 
annually fluctuating budgetary constraints and relative risk aversion. Furthermore, a 
better tracking of the project completion phase will eventually supply improved 
quantitative information to use in the option valuation, or any other process. Ultimately, 
any synthetic data set created by means of Monte Carlo simulation can be substituted by 
historical data, as data collection on project benefits and implementation costs becomes 
routine. 
3. Tracking project success rates, costs, and benefit data must be institutionally 
integrated if any systematic method of evaluation is to be established. The 
extent of this effort must be balanced to consider the cost and effort of such a 
program. 
Center For Urban I ra11sportatio11 Research 
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The FOOT should consider implementing a formal data collection regimen for research 
projects. Recognition that some projects may be difficult to measure and may not be 
easily quantified should not be used as an excuse for not embarking on this effort. There 
is a huge cost of going back to collect this data to quantify research projects, and there 
appears to be little emphasis on this issue by either Project Managers or Principal 
Investigators. Tracking of project success rates, costs, and benefit data must be 
institutionally integrated if any systematic method of evaluation is to be established. 
4. For R&D programs to continue and to prosper, a cliange of "mindset" is 
required. 
The Real Options Approach represents not only a potential method for estimating 
expected project benefits, but also a way of thinking about research programs. 
Importantly, the RO Approach sets clearly the concept that research expenditure today is 
a "call option" on future gains for the FOOT. Universally, sound business practices 
protect against future losses and plan to be ready to take advantage of future 
opportunities. As such, research program expenditures are the extent of future losses but 
are a necessary cost of securing the ability to exploit future opportunities as they arise. 
5. Incorporate statistical simulation processes to compensate for tJ,e current lack 
of l,istorical data. 
The lack of suitable data in the short term for project and program evaluation can be 
overcome through data simulation. An accepted and commonly used technique is Monte 
Carlo simulation, which can utilize a small number of data sets to provide valid, robust 
inferences of program or project value. As program data collection improves, these 
proxy data sets can be replaced by real data. 
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Chapter 1 - Introduction 
Background 
The Florida Department of Transportation (FDOT) has been involved in transportation 
research for decades. Each year the FDOT Research Center receives both state and 
federal funds to conduct research, mostly performed by state universities. In 1999-2000, 
this funding exceeded $9 million. The Research Center was interested in more fully 
understanding how the benefits of their research could be better quantified. The 
management of the department and the Research Center recognize and appreciate the 
importance of measuring program performance. Programmatic benchmarking and 
performance measurement take on even greater significance in times of fiscal restraint. 
While it seems inevitable that transportation demands will outstrip available resources, 
the growth in population, vehicle miles of travel, and vehicle registrations in Florida 
make this perennial problem even more acute. Performance measurement is always a 
desired management tool and its importance grows as competition for funding intensifies. 
Recognizing this, the FDOT, specifically the Research Center, embarked on an effort 
with two university research organizations to more completely analyze how the benefits 
of transportation research in Florida could be quantified. This report represents the results 
of an effort conducted by the Center for Urban Transportation Research (CUTR) at the 
University of South Florida for the FDOT to assist in providing a framework that 
captures the benefits of transportation research investments. 
1.1 Problem Statement 
The activity generally defined as research encompasses a variety work types and touches 
many functional areas. While it is sometimes taken for granted that investments in 
transportation research should yield positive social and economic benefits, little is 
available to help a transportation agency systematically quantify the benefits of research 
programs. 
Most transportation research programs rely on the few very large and easily quantified 
success stories to justify their investment levels to decision makers. In the absence of 
other performance measures, this method is certainly legitimate but not comprehensive. 
The mission of the FDOT Research Center is "To improve and protect Florida's 
transportation system through the ethical scientific conduct of research that increases 
global knowledge of products, processes, and practices; to transfer information; and to 
encourage the implementation of research results." 
To quantify the success of this mission is difficult, and traditional economic or financial 
net present value approaches are not necessarily appropriate. Relatively little work has 
Center For Urban Transportation Research 
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been undertaken to identify the efficacy of the research activity itself and to evaluate the 
research activity on a benefit/cost or return on investment basis. 
Objectives 
Our purpose was to research, develop, and test various methodologies, approaches, 
equations, and guidelines that could be applied to proposed, existing, and completed 
research projects and provide some measure of the benefit and return on research 
expenditures. 
1.2 Study Approach 
CUTR's approach to the study was to do the following: 
• Gain an understanding of the kinds of projects traditionally sponsored by the 
FDOT Research Center; 
• Investigate what work had already been accomplished in the field of 
quantification of research benefits; 
• Determine certain kinds of research best measured by different measurement 
tools; 
• Gather data on completed projects to test various methods; 
• Recommend to the Department an approach for quantifying the benefits of their 
research program. 
The report is generally organized following this approach. Chapter 2 is a discussion of 
the premise and findings that various types of research may be best suited for different 
methods of measurement. This section of the report also addresses the project 
categorization scheme that was hypothesized as being appropriate by the researchers. 
Chapter 3 presents the results of the literature review conducted by CUTR. It 
summarizes the findings of a review of how the benefits of research are quantified in 
other industries including the transportation sector. This portion of the report also 
summarizes a survey of the efforts of state transportation departments to calculate and 
track the benefits of their research efforts. 
Next, the results of the surveys of FDOT project managers and contracted principal 
investigators are outlined. Chapter 4 details the process used in the survey and its results. 
The survey was conducted to determine whether detailed data existed on benefits of 
completed research projects, to test the project categorization scheme that was 
contemplated by CUTR at the outset of the study, and to obtain detailed information so 
that various methods of calculating the returns of research could be made. 
Center For Urban Transportation Research 
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Chapter 5 presents an analysis of a subset of the projects for which information was 
gathered through the survey. This additional data provided the input for deriving a proxy 
base dataset to validate the model detailed in this portion of the report. 
Chapter 6, Model Development, includes a discussion of currently available techniques 
used to evaluate the benefits of research, and explores in detail the potential application 
of the real options approach to estimating the future return of investments in 
transportation research. 
The final section of the report, Chapter 7, includes a discussion of the findings of 
CUTR's research on this subject, the conclusions reached by the research team, and a set 
of recommendations for consideration by the Department and the Research Center. 
Center For Urban Transportation Research 
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Chapter 2 - Project Categorization 
A premise of the researchers at the initiation of the study was that there might be a 
project categorization scheme that would lend itself to the analysis of projected or real 
benefits of the projects funded by the FOOT Research Center. The Center's 
classification of its program has traditionally been along functional lines. While this 
scheme is appropriate for program management, the researchers felt that it may not be the 
best way to segregate research projects for the analysis of returns on investment. 
2.1 Categorization Hypothesis 
After examining over two hundred completed project summaries, the research team 
proposed that due to the disparity in project focus, approach, timeframe, and expenditure, 
no single model or equation would likely emerge to effectively predict likely returns on 
investment. 
The suggestion in the request for proposals was that different formulas might, in fact, be 
appropriate for the research projects in various functional areas (i.e., Construction, 
Environmental Management, Materials and Testing, Operations, Planning, Public 
Transportation, Roadway Design, Safety, Structures, Traffic Operations, and University 
Transportation Centers Research). 
CUTR proposed that a more appropriate differentiation of the projects might be based on 
the research objective. Developing a method to quantify the benefit of a technology 
transfer initiative seemed to present a different set of questions than did the prospect of 
evaluating the benefit of developing a new and more easily quantifiable process. 
When more than 200 summaries of research projects were examined, the following 
classification design emerged: 
• Develop a device or product 
• Develop a process or procedure (including models) 
• Evaluate a device or product 
• Evaluate a process or procedure 
• Research and document a subject or an issue 
• Conduct a technology transfer, including training 
Applying these classifications to a cursory review of the completed research projects 
seemed to yield an immediate fit of the projects into the classification system. It was 
thought these project types would lend themselves more readily to different measures for 
effectiveness and return on research expenditure than types categorized by the functional 
area of the research. 
Center For Urban Transportation Research 
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Tests of Categorization 
The categorization system that was initially developed sought to rank the types of 
research activities fro m the easiest to quantify to the hardest to quantify. The 
development of a product or a device, it seemed, could be quantified if the research effort 
was successful, the new device was employed, and any productivity gains were 
measurable . 
Conversely, at the other end of the classification system was the technology transfer 
activity. While the intrinsic value of this very legitimate part of a research program is 
unquestioned, the quantification of the benefits of this activity seemed far more 
challenging than of a new product or process. Figure 2.1 illustrates this concept 
graphically. 
Research Type 
Develop a product 
Develop a process 
Evaluate a device 
Evaluate a process 
Research and document 
Technology transfer 
Perceived Ease of 
Benefit Quantification 
Easy 
Easy 
Moderate 
Moderate 
Difficult 
Very Difficult 
Figure 2. 1 Quantification of Benefits 
The proposed c lassification system would only be valuable if the categorization of 
research projects left little room for debate. The system should be a lmost intuitive and, 
given the classification scheme and a set of projects, researchers and project managers 
should nearly always agree on the designation. How sensitive the classification system is 
to subjectivity was tested in two ways. 
An internal validation activity was performed at CUTR. Three principal investigators 
were given a set of research project final report summaries and asked to independently 
place each of the over 100 projects into one of the research categories (e.g., Develop a 
Product, Develop a Process). The independent categorization exercise yielded mixed 
results. While there was general consistency among evaluators, the distinctions between 
evaluating a process and evaluating a product seemed difficult to make. Similarly, while 
Cent.::r For Urban I ransportation Res.::arch 
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projects were grouped as development, the participants did not consistently place the 
development projects into the "product" or "process" categories. 
Lastly, while there were many instances where "Research and Document" was a part of a 
more comprehensive research initiative, there were a significant number of projects that 
were consistently categorized as solely involving this activity. 
In addition to the internal CUTR review, the surveyed principal investigators and project 
managers ( discussed in detail in Chapter 4) were asked to categorize their respective 
projects. Nearly 70 percent of the survey respondents categorized the projects similarly 
to CUTR. However, due in part to the survey design not forcing a choice for the research 
category, and perhaps in part to the classification system itself, in only 30% of the cases 
was there an identical match between the CUTR designation and that of the principal 
investigator and the project manager. In many cases, the survey respondents marked 
more than one category regarding the nature of the research project. 
As the team contemplated the available measurement tools to attempt to quantify benefits 
of transportation research, it became apparent that other dimensions, along with the ease 
of quantification, would have a significant bearing. One very significant dimension is the 
time that it takes to implement the research results. Traditional methods that employ 
some evaluation by means of net present value of the benefit seem to always 
underestimate the potential benefits of the research if the time to implementation is long. 
The project team concluded, based in part on the ability to acquire data for completed 
research projects (discussed in detail in Chapter 4) combined with the variance in the 
results of attempting to categorize the research projects, that a modified system would 
need to be developed. While convinced of the validity of the premise that different 
research activities might best be measured with different quantification methods, the team 
worked to develop a better system that would take into account factors beyond the 
difficulty of quantification of benefits. 
2.2 A More Traditional Hierarchy 
An alternative approach to group research activities for the purpose of quantifying 
benefits is through the use of traditional distinctions of research activities. The scale of 
research activities is often described as moving from basic research, to applied research, 
to development, to demonstration, and, finally, to technology transfer to disseminate the 
new knowledge. This scale or continuum also correlates well to the risk involved with an 
investment in research. In the case of basic research, there is high risk and low 
expectation for results, but with the potential of a large return. Once a concept has been 
developed and demonstrated, there is a high probability that an investment in the 
dissemination of the new technology will bear a positive result. At this end of the scale 
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the risk is low, as is the potential return on investment. This concept is il lustrated 111 
Figure 2.2. 
Risk of Positive Magnitude of Expectations 
Research Type 
Return Benefit if Successful For Results 
BASIC RESEARCH Very High Very High Low 
APPLIED RESEARCH High High Moderate 
DEVELOPMENT Moderate High Moderate 
DEMONSTRATION Moderate Moderate High 
T ECHNOLOGY TRANSFER Low Low Very High 
Figure 2.2 Benefits of Research 
The exercise of attempting to find the right fit of the research activity with an appropriate 
measurement approach led the CUTR research team to consider that the element of risk 
needed to be more explicitly identified when trying to quantify the potential benefits of a 
research program in its entirety or on an individual project basis. It was also clear from 
this analysis that the concept of an investment mix in research activities is similar to any 
investment portfo lio in that an appropriate blend of ri sk and yield is required to attempt to 
achieve a larger investment goal. 
2.3 Conclusions 
The effort to arrive at a method for classifying research projects, in order to apply the 
most appropriate available measurement tool, met with mixed results. While the 
originally proposed classification system clearly needed to be modified, there are 
characteristics of the different types of research activities that could be measured better 
by some methods than by others. This conclusion is demonstrated and proven in Chapter 
6. 
The categorization involves more than the originally contemplated "ease of 
quantification." It is true that the other dimensions (such as time to imple ment, 
probabi lity of successful implementation, the point in a project' s hi story when the 
quantification of benefit is performed, and the availability of data) that need to be 
considered are related to how easily a project's benefits can be quantified. 
The team concluded that a simplified classification system, that parallels the generally 
accepted labels of research activities, would be more appropriate for grouping projects 
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for analysis. In addition, the team concluded that a matrix approach to matching research 
projects w ith the most appropriate measurement method would also be helpful. For 
example, in most cases an applied research project is very difficult to measure because of 
a lack of data or a long lead time to implement the results. If a project in which the data 
had, in fact, been collected to perform a straightforward benefit/cost calculation were to 
be analyzed, then it would be pointless to suggest some rigorous and complex 
methodology. Generally, however, this wi ll not be the case. 
A system to classify the research activities w ith methods to quantify their potential or real 
benefits did emerge and is outlined in Figure 2.3. 
CUTR Traditional Ease of 
Classification Definition Quantification 
Develop a product 
Development High 
or process 
Evaluate a product 
Demonstration Moderate 
or process 
Research & 
Applied Moderate 
document 
Technology Technology 
Low 
Transfer Transfer 
Figure 2.3 Research Classifications 
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Time to Risk of 
Implement Positive 
Return 
Short Moderate 
Medium Moderate 
Long High 
Short Low 
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Chapter 3 - Literature Review 
This chapter presents an overview of papers, reports, and studies conducted in the area of 
research project evaluation. Following the review of available literature, a brief synopsis 
of efforts by the state departments of transportation is provided. 
3.1 Literature Review 
This literature review presents a summary of relevant research, involving 15 papers 
specific to the transportation industry and 15 on other industries. Thirty papers are 
reviewed out of a total of 32 papers found. Of the 15 transportation-specific papers, five 
are state department of transportation (DOT) studies, three are university studies, six are 
private research papers (including TRB), and one is a federal research paper. The 
literature review identified many different methodologies used for research and 
development (R&D) analysis. These methodologies include Internal Rate of Return 
(IRR), Return on Investment (ROI), Benefit-Cost Analysis (BCA), Net Present Value 
(NPV), Multi-Objective Benefit-Cost Analysis (Multi BCA), Real Option Approach (RO 
Approach), Payback Period calculations, and Utility analysis. 
Table 3 .1 provides an overview of the literature review as well as details on the various 
evaluation methods utilized in the reports and studies reviewed. Traditional Benefit/Cost 
analysis is more common in the transportation studies. However, it should be noted that 
the literature review attempted to look outside the traditional areas of research evaluation 
for non-transportation reports. 
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Table 3.1. Overview of Literature Review 
Table 3.1 
Methodology 
Project Type 11m ROI JJCA NPV 1\ Julti llCA 
A: Transportation 
1✓11✓11✓1 bLlbLI bLI DOT (5) 00 
University (3) 
Private Research (5) 000 00 
Government (I) 0 0 
B: Non-Transportation 
Telecommunication (1) 
Agriculture (2) 0 
Medical Technology/ Health 
0 Sciences (3) 
Chemical ( I) EZI 
Park Management (1) 
Pharmaceutical (I) 
Personal Products ( I) EZI 
Several or 
EZI 0 Non-soecific Industries (5) 
3.1.1 Summary of Literature 
RO 
approach 
0 
EZI 
0 
bLl0 
Pit)•back U1ili1y 
0 
0 
Absher, James D., Daniel W. McCollum, and J.M. Bowker. The Value of Research 
in Recreation Fee Project Implementation. Journal of Park and Recreation 
Administration, Fall 1999. 
This paper describes how a Forest Service team of managers developed a system to 
measure how research info rmation had been used in the development of required business 
plans for existing fee projects. Through a survey of a ll Forest Service fee project 
managers, key questions about business planning, communication efforts, fi scal issues, 
and use of research data were investigated. 
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Ardis, Colby. Evaluation of ODOT Researclt and Development Implementation 
Effectiveness. Final Report. Ohio Department of Transportation, University of 
Toledo, July 1989. 
The objectives of this research report were: 
• Determine the effectiveness of the initiation and review process for research 
problems. 
• Compare research results of completed ODOT research and development 
projects with initial ODOT research objectives. 
• Determine the extent of implementation and effectiveness of research results. 
• Identify implementation success factors associated with ODOT research. 
• Develop a methodology to ensure better implementation effectiveness of future 
projects. 
• Develop a method to measure the effectiveness of future ODOT research and 
development. 
The paper relates the importance of research in the corporate world, with testimonials 
from ITT, Xerox, Honeywell, and Northern Telecom. The ODOT recommends that 
researchers access the technology available through the Transportation Research Board, 
other in-house research, and other DOTs. 
The report concludes that R&D is important and cost effective; however, implementation 
procedures must be improved. To improve the research capabilities of the ODOT, the 
report recommends full participation of R&D research engineers and that the research 
committees must improve internal and external communication, along with various 
administrative improvements. 
Brand, Daniel, S. R. Mehndiratta, and T. E. Parody. Options Approach to Risk 
Analysis in Transportation Planning. In Transportation Researclt Record 1706, 
TRB, National Research Council, Washington, D.C., 2000, pp.54-63. 
This paper focuses on the implementation of the real options approach to transportation 
planning projects. The authors state that the Net Present Value (NPV) method, a 
traditional project evaluation tool, works well in situations with little risk involved. 
Therefore, projects that are obvious "winners" or "losers" for further investment can be 
easily evaluated with NPV. However, if uncertainty about future outcomes is present, a 
more sophisticated evaluation technique, the Real Options Approach, is recommended. 
Just as financial options represent a right, not an obligation, transportation investment 
opportunities are options, not obligations, to take some action in the future. This type of 
option is called "real option." 
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Brand et al. demonstrates how delaying a certain investment to the future can be of 
enormous financial benefit. Instead of making a commitment in a time of uncertainty, and 
therefore risking a negative monetary outcome, it might be advisable to wait until the first 
uncertainties have vanished. Then managers have a better picture of the realistic benefits 
from the project implementation and can act accordingly. 
It is suggested to clearly identify and analyze the risks and uncertainty of each project. If 
the project is risky, management should develop and implement a risk management plan 
to mitigate the risk. Unfortunately, there is no general recipe that can be utilized in all 
cases. The transportation sector is simply too complex, and managers need to develop an 
exact understanding of the risks of individual projects and act according to special 
circumstances. 
The real options approach provides management with a new way of thinking and 
analyzing uncertain future situations. This allows for improved planning. The authors 
conclude that the application of the new tools of risk analysis and risk management can 
lead to significant changes and improvements in the transportation planning process. 
Carter, Robert and D. Edwards. Financial Analysis Extends Management of R&D. 
Technology Management, Sep-Oct 2001. 
This article applies corporate financial analysis to research, development, and acquisition 
(RDA) investments. It demonstrates how resources in RDA projects should be allocated 
in a portfolio in order to achieve the optimal risk-return tradeoff. 
The authors introduce the valuation concept of Real Options. Four types of options are 
introduced: the option to defer, the option to preempt, the option to discontinue the 
research, and the option for flexible response. These options are especially valuable if 
there is uncertainty in future outcomes. They provide an objective, quantitative guide to 
strategic judgments that heretofore were mostly subjective. Their recommendation is to 
start many research projects that are potentially extremely significant if successful, to 
discontinue the ones that do not show promise, and to harvest the unexpectedly 
successful research option payoffs. A shortcoming of this approach is that potential 
projects with smaller, though still significant and important payoffs would be less likely 
to be funded. 
Assessing the Value of Research in the Chemical Sciences. Chemical Sciences 
Roundtable: Report of a Workshop. National Research Council, 1998. 
This report is a collection of short papers presented by various academicians and 
professionals at a workshop in Washington, D.C. in 1998. The authors discuss different 
methods of research valuation and implementation. Many of the papers include the 
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transcription of roundtable discussions held by the Chemical Sciences Group, a science-
oriented, apolitical forum for leaders in the chemical sciences. 
Four of the papers are particularly relevant for their different approaches toward research. 
David Hounshell of Carnegie Mellon describes the importance of ROI analysis in the 
corporate research setting. He writes that R&D valuation is critical in any organization, 
and chooses DuPont as the standard of ROI analysis in the scientific community. James 
Mitchell of Lucent Technologies explains the phase transitions of research projects and 
how prioritization analysis should effectively balance short-term and long-term R&D. 
The author concludes that high-risk, breakthrough research has the highest priority in any 
valuation study. 
Truman Parish of Eastman Chemical Company writes about developing the Technology 
Value Pyramid (TVP) and how it helps balance research creation and integration. The 
TVP includes 50 metrics that assist in calculating the value of R&D. 
Patricia Dehmer of the U.S. Department of Energy (DOE) assesses the value of research 
at the DOE with a performance measurement matrix. The matrix assists in the 
prioritization of funding allocation decisions, and includes the following factors: 
• Excellence in basic research 
■ Relevance to the energy mission of the agency and, moreover, to a 
comprehensive national energy agenda 
■ Stewardship of research performers, essential scientific disciplines, institutions, 
and scientific user facilities. 
Group consensus from the workshop concluded that research has significant value and 
that there are many different methods to improve research valuation. 
Cohen, Linda R., G. J. Fielding, J. F. Nolan, and G. C. Smith. Appraising 
Transportation Research. In Transportation Researcl, Circular, Number 426. TRB, 
May 1994. 
This study examines the importance of transportation research, how best to measure its 
value, and the best way to promote it efficiently. The authors discuss various public 
strategies that would promote research and development: 
• Direct funding of research activities 
• In-house research 
• Prizes for innovation 
• Market guarantees 
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The authors discuss issues that could make research more efficient by creating a fair and 
consistent BCA using NPV. Goals should be pre-established with the rate of return for 
decision makers, all benefits (direct and indirect) should be identified, all costs should be 
included, all benefits and costs should be projected for the duration of the longest 
proposal under review, and finally, results should be tested against the most likely range 
of critical assumptions. The authors use a study from the California Department of 
Transportation on high-speed rail as a case study, to clearly demonstrate the use of BCA 
as a research evaluation tool. 
Cohen, Linda R., and G. J. Fielding. New Technology Research: Costs and Benefits. 
California Department of Transportation, UC Irvine, June 1993. 
The objective of this research study is to develop a methodology by which the California 
Department of Transportation (CAL TRANS) evaluates research and develops a portfolio 
of research proposals for consideration. Increasing productivity is emphasized as the 
priority goal because CAL TRANS considers that research should be appraised in terms 
of its contribution to economic efficiency. 
The study emphasizes BCA and the maximization of monetary return for a given 
investment. Quantitative and qualitative estimates are both used. The qualitative 
estimates include the value of life, environmental benefits, and the value of time. The 
authors prefer the NPV method, because it emphasizes the discounting of costs and 
benefits to current values that are frequently omitted in BCA ratios. 
The study concludes that NPV methodology is the most flexible and useful guide to 
project evaluations. Proposals can be ranked in terms of the magnitude of benefits, or 
they can be placed in an array/matrix representing their contribution to other goals and 
various modes. The goal should be to construct a portfolio of proposals that are 
economically efficient and that satisfy the predetermined priority goals set by the agency. 
Copeland, T. and V. Antikarov. Real Options: A Practitioner's Guide. Texere, New 
York, 2001. 
This book summarizes experiences in the application of RO Approach to several cases. It 
describes several extensions to the approach with the intent of providing the practitioner a 
"how to" guide. Among the many example applications tested, an extension of the RO 
Approach to R&D was considered. It also contains a detailed description of the Net 
Present Value approach and its shortcomings. 
Doctor, R.N., D. P. Newton, and A. W. Pearson. Managing Uncertainty in Research 
and Development. Tec/,novation, Vol. 21, 2001. 
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In this paper, the issues of decision-making under uncertainty are considered in the R&D 
context. Several techniques are considered including the decision tree approach and the 
option pricing theory. In the option pricing theory, uncertainty and risk analysis are 
modeled through simulation processes, which include Monte Carlo experiments. The 
paper recognizes the existence of analysis constraints in the form of a lack of data 
availability and documentation of R&D projects. 
"Exploring the Application of Benefit/Cost Methodologies to Transportation 
Infrastructure Decision Making." Searching for Solutions, A Policy Discussion 
Series Number 16, July 1996. 
At a conference on Benefit Cost (BC) analysis, various civil engineers from around the 
world presented papers on the application of BC analysis to transportation infrastructure. 
Jan A. Martinsen, Public Roads Administration of Norway, introduced the advantage of 
BC analysis in the Norwegian transportation sector. He claims benefits of BC analysis for 
decision-making on three levels: 
• Deciding best alternative/standard on the project level. 
• Deciding priority between projects on the program level. 
• Deciding priority between transport modes and/or sectors. 
However, he also points out the drawback of excluding environmental and regional 
impacts in BCA. This is a major reason why BC analysis plays an insignificant role at the 
political decision-making level in Norway. 
Fan, Shenggen. Research Investment and the Economic Returns To Chinese 
Agricultural Research. Journal of Productivity Analysis, No.14, 2000, pp. 163-182. 
This paper measures the economic return of research investment in Chinese agriculture 
using the Production Function approach. The author's goal is to measure the economic 
impact of Chinese R&D investments, while taking care to control other sources of output 
growth that could potentially bias such rate of return estimates. 
The study calculates the IRR to research by comparing the benefits of research to the 
cost. Using the production function, the marginal output value of research can be 
calculated along with the IRR. Using various lag times for the research stock of 
knowledge variable, the estimates of IRR to agricultural research range from 73.8% to 
32.8%, for the years 1975-1997. The study concludes that rates of return are increasing 
over time. Total research benefits from 1975-1997, in terms of output, vary from 1,831.8 
B Yuan to 3040.1 B Yuan, which represents 13 .22% to 22.04% of output value. 
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G.D. Love. Value of Transportation Research: Federal Perspective. In 
Transportation Research Record 829, TRB, National Research Council, Washington, 
D.C., 1980, pp. 54-63. 
This essay reviews various ideas and concepts related to research at the U.S. Department 
of Transportation. The author emphasizes the need to distinguish between short-term 
problem solving research and long-term fundamental research. 
The author describes many factors that are involved in the decision-making process, such 
as risk factors, payoffs, and measurements of value. The author concludes, "Research 
must be viewed as a systematic cumulative procedure wherein individual studies 
contribute to the final objective as the nature and the multiple facets of the transportation 
problem become more precisely defined and understood." The crucial factor is to 
recognize the importance of quantifying the potential value of research. Only then can 
decision makers determine the allocation of critical research funding. 
Gosling, James J., and Lowell B. Jackson. Getting the Most Out of Benefit-Cost 
Analysis: Application in the Wisconsin Department of Transportation. Government 
Finance Review, Vol. 2, No. 1, February 1986. 
According to the authors, "benefit-cost analysis compares all of the relevant direct and 
indirect costs and benefits associated with a project, permitting comparison of the 
respective benefit-cost ratios for a determinate number of alternatives." The projects 
where benefits exceed costs should be undertaken. This study seeks to determine if this 
type of analysis is an efficient way to make policy decisions. The authors use various 
case studies by the Wisconsin Department of Transportation (DOT) to present their case. 
Herath, H. S. B., and C. S. Park. Economic Analysis of R&D Projects: An Option 
Approach." TJ,e Engineering Economist, Vol. 44, No. 1, 1999. 
This paper considers the Real Options Approach (ROA) in evaluating R&D. A valuation 
model is considered for application to the R&D investment decision of Gillette, for the 
development of the MACH3 razor. The ROA is compared to Discounted Cash Flow 
Analysis. 
Hickling Corporation. Cost Benefit Analysis of tl,e ATRC Researcl, Program, Fiscal 
Year 1992. Final Report not yet published, Hickling Reference: 5731, December 22, 
1994. 
This report applies the benefit-cost criteria of an effectiveness evaluation to six research 
projects completed for the Arizona Transportation Research Center (A TRC) during the 
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fiscal year 1992. For the analysis of the sample projects, published data from ATRC 
research reports was utilized in conjunction with an economic, transportation user cost 
model developed by the Hickling Corporation. The projects were evaluated by the 
following criteria: 
• Cost 
• Safety 
• Vehicle operating cost 
• Value of time savings 
• Productivity cost 
• Maintenance cost 
• Environmental cost 
• Length of the implemented period 
• Lag time before measurable economic effects 
Out of the six projects reviewed, two indicated obvious net benefits (benefits minus 
costs) over a 25-year period. In addition, the study found that, for cost-benefit purposes, 
uncertainty tends to inhibit the economic effects of research and that quick 
implementation periods tend to produce larger economic benefits than those with longer 
time frames. 
The main conclusion was to consider the application of the benefit-cost framework as a 
tool to manage the conduct of research from an economic perspective rather than to 
identify winners and losers. 
Hood, Jacqueline and D. Albright. Assessing the Benefits and Costs of Research. In 
TRB, National Research Council, January 2002. 
This paper presents a model for assessing the benefits and costs of research activities. 
The purpose of the paper is to review the literature on assessing benefits and costs for 
research projects prior to implementation, proposes a template for benefit-cost analysis 
for the outcomes of transportation research, and discusses implications for the future of 
transportation research. 
To determine the costs and benefits of an investment in research, the authors consider 
two methods: the payback method and Return on Investment (ROI). The Payback method 
is calculated by dividing annual cash flows into the original investment. 
The ROI is divided into several steps, of which the first is to calculate the Benefit/Cost 
(B/C) ratio, which is Program Benefits, divided by Program Costs. Next, ROI is 
calculated by taking the Net Benefits divided by Program Costs and multiplying the 
result by 100. ROI is results-based and measures specific contributions of each research 
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activity. The authors also developed a survey designed to gather information on the B/C 
analysis of research products used by research organizations. 
Jensen, Kjeld and P. Warren. The Use of Options Theory to Value Research in the 
Service Sector. R&D Management, Vol.31, No.2, 2001. 
This study examines the practicalities of applying real options theory to valuing research 
in the service sector. The authors use an option-pricing model based on a three-phase 
lifecycle consisting of research, development, and deployment. 
Real options theory proposes to value current projects or activities based on mathematical 
models using interest rates, volatilities, cash flows, and probabilities to derive a 'fair 
value.' The authors use a case study approach, examining an e-commerce project at 
British Telecom (BT) as an example of a multistage real options experiment. 
The study concludes that the present value of the BT research project is thirteen times the 
cost of research. As the option-pricing model can be adjusted for different volatilities and 
cash flow projections at any stage, it is a flexible tool for valuating research projects. 
Although it is not a precise science, this study explores the influence of different value 
drivers on the value of research activity. The authors believe this technique is best used 
for key projects, not a total research portfolio. 
Kentucky Transportation Center Staff. Value of Research. Kentucky 
Transportation Center, College of Engineering, University of Kentucky, October 
1991. 
This report describes the Kentucky Transportation system of management as a five-step 
process: 
1. Select the project 
2. Design the experiment 
3. Supervise the project 
4. Implement the results 
5. Evaluate the benefits 
Members of a research advisory committee rank proposed studies according to their 
priorities. Study findings are implemented as the study progresses and information is 
developed. Study benefits are evaluated depending on the nature of the study. The report 
contains real examples of transportation projects in Kentucky, divided into these eight 
functional areas: 
1. Pavements 
2. Geotechnology 
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3. Materials 
4. Testing 
5. Structures 
6. Traffic 
7. Safety 
8. Bituminous materials 
Using a number of case studies, the authors provide a general description of the project, 
state the implementation steps, and describe the cost effectiveness of each project. In 
other examples, projects are described as 'problems,' with particular research solutions 
and monetary benefits. Transportation research, the report concludes, brings great value 
to the state of Kentucky. 
Leviakangas, Pekka and Jukka Lahesmaa. Profitability Evaluation of Intelligent 
Transport System Investments. Journal of Transportation Engineering, Volume 128, 
May-June 2002, Number 3, pp. 276-286. 
The authors discuss the limitations of conventional Benefit-Cost analysis (BC) for certain 
investment evaluations and introduce alternative evaluation tools. Their primary example 
is ITS (Intelligent Transport Systems) investment in Finland. 
According to USDOT, ITS financing differs from conventional infrastructure financing 
in the following ways: 
• ITS financing includes significant participation from the private sector 
• ITS reduces adverse environmental effects 
• ITS improves performance by implementing new technologies 
In addition, there are numerous differences in the cash-flow profile (e.g., shorter lifetime 
and lower investment cost for ITS investments). While BC analysis is a widely respected 
and used evaluation method, it experiences certain shortcomings, such as the omission of 
risk-return trade-offs. Therefore, BC analysis in certain instances can provide managers 
with the wrong decision rule. Multi-criteria Analysis (MCA), risk-adjusted discounting 
rates, and real options are introduced as potential alternatives. MCA, which is the ability 
to deal with two or more criteria measured in different units, includes non-monetary 
factors in investment evaluations, while risk-adjusted discounting rates take different 
time-risk profiles into account, and real options weigh the impact of future decisions on 
uncertain cash flows. 
The authors conclude that none of the evaluation tools should be used exclusively, due to 
their inability to capture all aspects of investment evaluations. Instead, they recommend 
that by "using a suitable set of different methods depending on the decision situation and 
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by comparing the results, a wider and more realistic picture of investments can be 
obtained." 
Liddle, Jeannine, M. Williamson, and L. lrwig. Method for Evaluating Researcl, 
Guideline Evidence (MERGE). New South Wales Health Department, December 
1996. 
This paper details an evaluation method of research and scientific evidence in the medical 
and health care industry. 
The authors propose an evaluation checklist that reviews various risk factors and 
statistical models. The paper lists various reasons for using the Method for Evaluating 
Research Guideline Evidence (MERGE). The authors encourage various applications of 
the study, such as incorporating evidence from individual studies into a review of 
evidence, evaluating the quality of scientific evidence for clinical interventions, and 
ensuring important methodological aspects of study design and performance that are 
reported in journal articles. The paper includes copies of all the necessary checklists and 
review sheets. 
Loch, Christoph H. and K. Bode-Greuel. Evaluating Growth Options as Sources of 
Value for Pharmaceutical Research Projects. R&D Management, No. 31, 2001. 
This paper presents an approach to analyze R&D in the pharmaceutical industry through 
growth option theory. The authors seek a flexible way to value research and to determine 
whether risk, volatility, and uncertainty influence the value of R&D projects. 
Growth options are financial instruments that attempt to value a particular asset today at a 
certain point in the future, by incorporating elements of private and market-priced risk. 
The authors take three pharmaceutical projects and apply their theories and 
methodologies. 
The paper concludes that growth options, using a binomial model, are the best way to 
evaluate research. Due to the flexibility and transparency of the binomial model, and the 
use of risk-aversion analysis that can be built into the study, managers can analyze the 
value of R&D projects with better accuracy and visibility than by utilizing other methods. 
Luce, Bryan R. and A. Elixhauser. Outcomes Research: Documenting the Value of a 
Medical Device. Medical Device and Diagnostic Industry Magazine, January 1999. 
The authors state that manufacturers of medical devices should determine the value of 
their products during the planning stages to help in product development, marketing, and 
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acceptance. Outcomes-based research, according to the authors, should be the standard to 
analyze this industry. The authors describe a 'value equation' as a tool in determining 
evidence of value. This type of BCA is one of many outcomes-based research tools that 
can be used in the medical device industry. 
The authors describe how BCA can assist in equivalent effectiveness studies and strategic 
outcomes research planning and execution. Outcomes research can be used in both early 
and later clinical studies. A research group can create a model to determine the 
effectiveness of a product launch by demonstrating health, economic, and quality-of-life 
value. 
The authors conclude that integrating outcomes research into the product development 
process will allow manufacturers to better satisfy the demands of the marketplace. 
McFarland, William F. A Method for Evaluating the Benefits of Research Projects. 
Texas State Department of Highways and Public Transportation, November 1988. 
This study evaluates methods and data used for measuring the benefits of research 
projects. The authors discuss historical and predictive studies and provide several case 
studies, divided into five groups categorized by project type or purpose. 
The authors outline BCA, along with different measurements for accidents, motorists, 
and vehicles. The report gives detailed formulas for B/C ratios and NPV analysis. The 
benefits and costs are estimated for each implementation unit. The case studies 
demonstrate a high return on research and also show the need to develop better 
information in research implementation. The appendices include estimated values of 
time and vehicle operating costs, accident costs, and various case study data utilized in 
the study' s methodology. 
Newton, D.P. and A. W. Pearson. "Application of Option Pricing Theory to R&D." 
R&D Management, 1994. 
The article illustrates how Option Pricing Theory (OPT) provides value to management. 
In particular, the authors explain the OPT method, detail the required information, and 
provide an overview of practical implementation. A simple numerical example is used to 
illustrate the potential superiority of the OPT over conventional valuation techniques for 
R&D projects. The volatility of the expected future cash flows is the only variable that is 
difficult to estimate. Forecast data for those cash flows and their probabilities have to be 
converted into an estimated cash value and associated volatility. It is known that volatility 
increases with time, which causes the value of the option to increase as well. 
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Peterson, Dale. Measuring the Effectiveness of a Research Program. Researcl, 
Record No. 738, TRB, Utah Department of Transportation. 
The purpose of this paper is to present techniques used to measure the effectiveness of a 
research program and to identify steps that can be used to improve its efficiency. The 
author reports that B/C ratios in transportation research are approximately 9 to 1. 
However, B/C ratios are only one measure of effectiveness. Other measurements include 
the number of awards, the number of implementation packages, and the size of the 
research budget. 
The author presents various methods to address research problems and their necessary 
solutions. A transportation problem is a potential research project. Three questions must 
be answered: How critical is the problem? What are the chances of success? What is the 
expected B/C relationship? In order to answer these questions, a researcher must have the 
necessary technical and administrative skills. The author identifies six steps to efficiently 
implement the solution: 
1. Identification 
2. Planning 
3. Packaging 
4. Promoting 
5. Adoption 
6. Evaluation 
This paper concludes by stating that if key personnel are involved throughout all phases, 
then there should be agreement on the implementation of the program. If research is 
planned and conducted with clear implementation goals, the program should be 
successful. 
Pozdena, Randall J. Selecting Public Transportation Projects: Informational 
Requirements. Conference on Information Requirements for Transportation 
Economics Analysis, ECO Northwest, August 1999. 
This paper examines the informational requirements of the decision-making process in 
transportation projects. The author depicts the process as a hierarchy that includes policy 
objectives, data and analysis, political and social goals, programs, project selection 
methodology, and project design. In this process, decision makers face a variety of 
challenges: constitutional and legislative constraints, income redistribution goals, 
financing considerations, status quo considerations, power barriers and power vacuums, 
and social planning objectives for transportation. 
The author discusses project evaluation and selection in a cost-benefit context. This paper 
includes a helpful description of 'the time value of money,' essential in calculating NPV 
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for BCA. The study concludes that transportation decision processes have many 
informational requirements. 
Rose, Geoffrey and D. Bennett. Benefits from Research Investment: Case of 
Australian Accelerated Loading Facility Pavement Research Program. 
Transportation Researcl, Record 1455, Pavement Management Systems. 
This Australian Research Board program project focused on the Accelerated Loading 
Facility (ALF), a mobile road-testing machine that applies full-scale rolling wheel loads 
to a test pavement. The purpose of this study was to produce a credible, justifiable 
evaluation of the ALF trials on the basis of dollar-value assessments of benefits and 
costs. 
The authors examine a project in Benalla, Victoria, conducted between June 1985 and 
February 1986. The ALF trial helped determine the best pavement for the highway 
system in Victoria; the benefit of this trial was the expected savings in costs resulting 
from continued use of the low-cost granular pavement. The researchers used a decision 
tree to represent the uncertainty associated with the different choices of pavement. The 
decision tree includes probabilities and discounted life cycle costs. 
The report includes a helpful overview of individual ALF trials and lists primary 
outcomes and primary benefits, along with assumed duration of benefits. The overall 
conclusion is that the ALF program is economically viable. 
Salter, Ammon J. and B. R. Martin. The Economic Benefits of Publicly Funded 
Basic Research: A Critical Review. Researcl, Policy, Vol. 30, No. 3, March 2001. 
This article reviews the literature on the economic benefits of publicly funded basic 
research. Basic research includes 'strategic' and 'curiosity-oriented' research. The 
authors note the numerous benefits from this type of research, but acknowledge the 
various flaws and gaps in the evidence. They also review the methodological issues 
concerning the approaches employed for analyzing and assessing the benefits from 
research. The authors analyze three methodological approaches: econometric studies, 
surveys, and case studies. They also assess different measurements of return to 
investments in basic research in a variety of industries (pharmaceutical and agricultural, 
among many). 
The authors conclude that one can try to estimate the rate of return but only on the basis 
of very questionable assumptions. They acknowledge that there are good returns to 
research investment, but that it is not possible to model the economic benefits of basic 
research. A portfolio-based approach is best when drawing upon the many different 
technological and product developments that one research project may have. 
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Schmitt, Robert P. and, E. A. Beimborn. "Examination of Techniques to Enhance 
the Utilization of Research Results." Transportation Researcl, Record 738, University 
of Wisconsin. 
This paper examines the research process and the major problem areas that hamper 
implementation within this process. The authors present eight basic principles relevant to 
the process of research implementation. 
The utility of any research project depends on how these steps are followed. The authors 
give three axioms of research utilization. First, the probability of research utilization is 
inversely proportional to the distance between researchers and users of the research. 
Second, the probability of research utilization is inversely proportional to the degree of 
formality between researcher and user. Third, probability of research utilization increases 
with the degree of understanding that the researcher and user have of each other's 
problems and motivation. The paper also discusses various barriers to research 
utilization. 
Tavakoli, Amir and Cynthia Collyard. Benefit-Cost Analysis of Transportation 
Researcl, Projects. Case Western University, Ohio Department of Transportation 
(ODOT), May 1992. 
This study discusses the evaluation of completed research projects and it develops a 
methodology, system, and computer application based on BCA and multi-objective 
analysis techniques. The report describes the four phases of this project: 
1. Review of current ODOT evaluation techniques 
2. Review of current and recent ODOT research projects 
3. Literature survey and questionnaire survey of best practices and techniques 
4. Development of a research project evaluation methodology and system 
Surveys were sent to the larger Departments of Transportation in the country. With this 
data, the researchers developed a model based on BCA, multi-objective benefit analysis, 
performance evaluation, and utilization. The evaluation model has technical and 
performance sections, with quantitative and qualitative measurements. 
The study concludes that this tool should be used to address projects on an individual 
basis, as well as to provide ways for comparative review between projects by a variety of 
descriptive categories. The authors include a number of case studies for further analysis, 
as well as many useful appendices. 
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Thomsen, Leon. The Current, Direct Value of Internal Research. TJ,e Leading Edge, 
September 1993, Amoco Production Company. 
In order to understand why companies should invest in research, the author proposes that 
the answer is more than just a quest for better technologies. Research is an integral part of 
the commitment to technology, upon which corporations depend for profitability today. 
According to the author, "the role of internal research is an integral part of a company's 
commitment to technology itself and constitutes its primary, current, direct value." 
Zilberman, David and Amir Heiman. The Value of Economic Research. American 
Journal of Agricultural Economics, Vol. 79, No. 5, 1997. 
The authors claim that the impacts of research depend on the transmission of results and 
the capacity of users to take advantage of them. In other words, the productivity of 
economics research depends on the quality of extension and economic literacy. 
This paper classifies the products of economic research into three groups: new economic 
information, products contributing to technological change, and products contributing to 
policy. In order to quantify the benefits from economic research, the authors also cite 
various studies on dimensionality and uncertainty in an economic framework. 
The authors conclude that economic research generates many benefits in terms of 
information, technological change, and improved policy. More importantly, the 
productivity of economic research is determined by its transmission and the capacity of 
users to implement the methodology. 
3.2 Other state departments of transportation research evaluation efforts 
All US state departments of transportation ( or their equivalents) were surveyed as to their 
efforts in evaluating transportation research and transportation research programs. Out of 
50 state DOTs contacted, 37 replied, a response rate of 74%. Fifteen states indicated that 
they had never been involved with the evaluation of research projects, while one state 
(New Mexico) specifically indicated that they had conducted research in this area before. 
The respondents provided several references for research evaluations, which are listed in 
the appendix with reference title and author. 
The most quoted article was "Performance Measures for Research, Development, and 
Technology Programs" by Scott Sabol of Vermont Technical College (this has been 
subsequently published on TRB 300). Respondents also noted that another study on the 
evaluation of the benefits of transportation research was nearing completion by the 
Kansas DOT. The findings of that study recommend a "case-by-case" proposition when 
estimating research benefits. Additional comments and concerns from those surveyed 
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were that this project had the potential to stir great controversy about the evaluation of 
research, the problem of valuing a human life, and the idea that research should not be 
undertaken with an expectation of return. Six states specifically asked for a copy of the 
final report of this study when completed. A brief summary of responses, including 
contact names, is presented in Appendix C of this report. 
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Chapter 4 - Survey of Selected Projects 
The Florida DOT Research Center funded almost $30 million worth of projects between 
July 1998 and June 2001, and since 1989, when the center was established, fostered over 
300 final reports. The Research Center made available project summaries and details of 
Project Managers (FOOT staff) and Principal Investigators (contracted researchers) for 
many of these projects. The availability of project summaries was not manipulated or 
controlled by the Research Center in any way. 
4.1 Project Selection 
CUTR analyzed the project listing from the FDOT closed project database. Those 
projects represented all FDOT specified functional areas and were not sorted or selected 
according to the CUTR categorization outlined in Chapter Two. Projects were omitted 
from the survey process if the responsible Project Managers (PM) and Principal 
Investigators (PI) were no longer available at their respective departments. 
4.2 Survey Process 
First, a sample of projects was selected for a survey evaluation. The initial sample 
consisted of 281 completed projects from the FDOT database for the time period January 
1991 to June 2001. The intention of that broad sample selection was to evaluate projects 
independently of the FOOT' s functional classification scheme. Two different sets of 
surveys were designed, one for the Project Managers, another for the Principal 
Investigators. The purpose for this differentiation was to solicit a cross-dimensional 
perspective on the projects and obtain sample data for statistically robust analysis. The 
overall survey objective was to obtain a general perception of project benefits together 
with qualitative and quantitative information for use in validating models under 
development for project evaluation. 
The surveys were distributed electronically via email as well as by fax 1• A cover letter 
from Mr. Richard Long, Director of the FOOT Research Center, accompanied each 
survey packet, outlining the need for and importance of the survey in assisting the 
department to better evaluate the Research Center's efforts. Templates of the surveys are 
provided in Appendices A and B. 
4.3 Survey findings 
Each project was the subject of both a Project Manager (PM) and Principal Investigator 
(Pl) survey. Accordingly, the selected 281 projects resulted in 562 surveys distributed. 
Almost twice as many PM's (46) as PI's (24) replied to the survey, a response rate of 
1 Before distributing the survey, CUTR obtained the necessary Independent Research Board approval. 
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16.4% for the PM's and 8.5% for the Pl's. The overall participation rate in the survey 
was 12.5%. A summary of the PM's survey results is included in Table 4.1. Table 4.2 
reports the results for PI' s. An unabridged table of responses is provided in Appendices A 
and 8. 
Respondents were asked to provide their perceptions of project success, knowledge of 
implementation, and, where possible, quantitative data on their projects. Table 4.2 shows 
that out of the 70 projects evaluated, project managers and principal investigators 
considered 24 projects (34.3%) as extremely successful, 28 projects (40.0%) as very 
successful, 9 projects (12.9%) as successful, 3 projects (4.3%) as unsuccessful, 1 project 
(1.4%) as very unsuccessful, and 2 projects (2.9%) as failures. Three projects were not 
identified for their success rates. Of these projects, a total of 40 projects (57.1 %) were 
implemented. The percentages of successful projects and implemented projects are 
incorporated later in Chapter 6 as an input assumption of the real option binomial tree. 
Respondents were asked to classify their projects in accordance with the proposed CUTR 
project classifications. The majority of the projects were classified as development 
projects (48.6%), followed by evaluation projects (25.7%), solely research projects 
(21.4%), and solely technology transfer (4.3%). Since the survey did not force a single 
choice for the research category, the general tendency of project managers was to classify 
a given project under two or more subcategories, thus reinforcing the evidence that a 
modified categorization scheme needed to be developed. 
The reported average time frame for project completion appears to be 24 months for all 
70 projects. The time frame of two years was also consistent in each of the project 
categories, with the exception of technology transfer. This variation might have resulted 
from the small number of observations in this category. On average, projects were 
completed six months after their original due date. 
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Table 4.1 Project Manager Survey- Success and Implementation 
Total Annual Successfu lness (on • Project 
Cost S sca le from I co 5) 
I 50.000 4 
2 55.000 0 
3 70.000 3 
4 250.000 4 
5 126.000 4 
6 200.000 5 
7 45.000 5 
8 50.000 3 
9 98.584 5 
10 150.000 5 
II N.A. 3 
12 200.000 3 
13 80.000 4 
14 39.337 5 
15 58.800 5 
16 299.979 4 
17 150.000 4 
18 55.000 4 
19 99.420 4 
20 63.363 NIA 
2 1 N.A. NIA 
22 32.000 3 
23 105.325 5 
24 100.000 5 
25 449.982 4 
26 95,000 5 
27 N.A. 5 
28 N.A. 4 
29 N.A. 4 
30 N.A. 4 
31 I N.A. 4 
32 N.A. 4 
33 N.A. 5 
34 N.A. 5 
35 N.A. 4 
36 N.A. 5 
37 270.000 5 
38 142.800 4 
39 30.000 5 
40 249.554 5 
41 149.900 5 
42 200.000 4 
43 122.4 18 5 
44 132.970 4 
45 178.034 4 
46 39.970 3 
Averaf!e 130,542 4 
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I 
2 
2 
2 
2 
I 
I 
2 
I 
I 
2 
I 
I 
I 
I 
2 
I 
I 
2 
I 
2 
2 
I 
I 
I 
I 
I 
2 
2 
2 
3 
I 
I 
I 
I 
I 
4 
4 
I 
I 
I 
I 
I 
1 
1 
2 
I 
Projected Actual Time 
Time Frame Implementation 
(months) 
Frame( months) 
18 39 No 
18 25 No 
18 19 No 
24 18 No 
12 36 Yes 
12 24 Yes 
24 24 Yes 
12 18 Yes 
2-l 24 Yes 
18 24 Yes 
12 24 Yes 
24 48 Yes 
2-l 30 Yes 
4 4 Yes 
3.5 4 Yes 
36 48 No 
24 48 Yes 
12 16 Yes 
12 18 Yes 
16 18 Yes/Somewhat 
12 12 Yes/Somewhat 
15 15 No 
24 24 Yes 
18 24 Yes 
24 not yet completed Yes/Some\\1iat 
24 36 Yes/Somewhat 
N.A. N.A. Yes 
N.A. N.A. No 
N.A. N.A. Yes/Somewhat 
N.A. N.A. No 
N.A. N.A. No 
N.A. N.A. No 
N.A. N.A. Yes 
N.A. N.A. Yes 
N.A. N.A. Yes 
N.A. N.A. Yes/Somewhat 
12 12 Yes 
12 12 Yes 
36 36 Yes 
30 40 No 
29 60 Yes 
26 60 Yes 
30 34 Yes 
27 31 No 
18 21 No 
18 42 No 
20 27 
Project 
Classficat 
ion 
D.E 
C.E 
E 
A.B.E 
A 
B 
A.C. E.F 
B.D 
E 
C 
A 
A 
D.E.F 
E 
E 
A 
B. D 
E 
D 
E 
E 
B 
B.E.F 
C.F 
E 
E 
C 
A 
C 
C 
C 
D 
E 
C 
D 
A 
F 
F 
A. B. F 
E 
E 
E 
A 
C 
A.B 
C 
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Table 4.2 Principal Investigator Survey: Success and Implementation 
Riskncss to 
Projected Total Annual Successfulness (on• Sponsoring Actual Time Implement Project Project Time Frame Cost S sea Ir from I lo 5) Agency (on• sral< FrantC( monlhs) at ion Classfirntion 
from I to 5) 
(mo111hs) 
I 272,000 0 3 36 48 NO 13, D 
2 110,000 5 I 15 21 NO 13.E.F 
3 75.000 -l I 15 18 NO C,E 
4 100.000 -l 2 18 24 NO 13.E 
5 70.000 4 2 12 18 YES 13.E 
6 I 91.500 3 2 2-l 24 NO A.C 
7 118.000 4 I 18 18 NO F 
8 60.000 4 I 16 16 NO B. E. F 
9 142.800 4 I II I I NO 13.E.F 
10 21.000 5 I 7.5 12.5 YES A. B. C.D.E 
II 87.000 3 I 12 12 NO C 
12 100.000 5 I 24 30 YES A. C. E 
13 57.435 I 15 15 NO E 
14 238.224 5 I 36 38 YES 13. C. D. F 
15 72.260 5 I 12 12 YES C.D 
16 136.600 I 2 24 24 NO A.B 
17 45 .150 2 2 2-l not completed ye1 NO 13.F 
I 8 30.000 4 I 12 12 YES A.C 
19 29.53 1 3 2 17 17 NO 13.E 
20 137,707 2 2 24 24 YES B, E. F 
21 79,913 2 2 13 13 NO A. F 
22 87.500 4 I II II NO B.D 
23 63.363 -l I 16 18 YES E 
2-l 135.000 5 2 18 29 NO A. B, E. F 
Average 233,042 4 I 37 47 
4.4 Additional anecdotal information 
Many Project Managers and Principal Investigators found completing the surveys to be 
quite a challenge. The initial mindset for many was that " this ca1mot be done," that many 
successful projects have significant qualitative benefits and are difficult to quantify. In 
many instances, this perception was reinforced by a lack of formalized data retention or 
tracking of project outcome. That the survey required more than a cursory review, and 
that many Project Managers or Principal Investigators received more than one survey to 
complete (requesting information on more than one project), tended to exacerbate this 
perception. CUTR underestimated the impact that the extensive survey, meant to 
evaluate program efficiency, would have on the respondent's tasks at hand. Survey 
recipients were concerned by the manner in which any data might be used, as well as how 
successful project types with little quantitative data might be measured. 
Another factor that emerged from the survey findings was the projected time versus 
actual time to completion fo r many projects. Respondents reported an average delay on 
project completion of approximately 6 months. Some factors for consideration from this 
finding are the opportunity costs of resources committed to a project, and the control and 
expectations of a project's progress and outcomes. 
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If cost opportunity issues are to be considered, such as the benefit of other research that 
can be conducted for every month of delay, then a substantial economic value is forgone 
due to delay in project completion. This would be true even if the annual allocated budget 
from FOOT were fixed, and researchers would not be allocated more money for 
completing projects at an earlier date. The issue becomes more problematic if we apply 
the forgone opportunity to invest this amount at the currently accepted discount rate. 
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Chapter 5 - Candidate Project Evaluation 
Introduction 
The data collection process as discussed in Chapter 4 provided useful insight into the 
extent and accuracy of project information retained by Project Managers and Principal 
Investigators. Additionally, the process further defined those project types that might 
best be measured in a quantifiable manner, and which might be a source of baseline 
metrics for evaluation of the FOOT Research Program. In developing a model or set of 
equations to evaluate research expenditure, our proposed approach included a 
"validation" of our methodology. 
5.1 Data Collection for Model Validation 
From the original data set of 281 responses, 15 projects were selected for an additional 
survey. This additional survey, and the data collected, is presented in Appendix A. A 
limitation of no more than two projects per Project Manager was applied to alleviate the 
demands on PMs for responses, as well as to diversify the sources of data. The projects 
were not selected by functional areas; rather, they were selected insofar as they lent 
themselves to a quantification of benefits or insofar as the Project Managers appeared to 
have good data or sound recollections of outcome. 
It was the intention of the CUTR team that the sample data points from this additional 
survey would form the basis for a proxy data set representative of the FOOT Research 
Program activities. The sample data points would utilize the information requested in the 
survey regarding the possible ranges of completed project economic benefits, in terms of 
cost-savings, and related implementation costs. The ultimate objective was to create a 
synthetic sample using the sample data points and a statistical process named Monte 
Carlo simulation. The synthetic sample would have represented an approximation of the 
population distribution underlying that of the sample data points, thus compensating for 
the lack of historical data. Unfortunately, from the additional 15 surveys, only 4 
respondents partially reported responses, thus rendering the Monte Carlo simulation 
impractical. Therefore, the CUTR research team opted for an application example to 
demonstrate the validity of the proposed model. The example is explained in detail in 
Chapter 6. 
5.2 Proxy Data and Monte Carlo Simulation 
The lack of data available to facilitate the Monte Carlo simulation of a proxy dataset is 
not an indication that this process is unsuitable for FOOT use. To the contrary, Monte 
Carlo simulations are particularly valid because they can utilize a relatively small dataset 
and provide robust statistical output. The challenges that CUTR experienced in obtaining 
data would be easily overcome with a more thorough explanation of the Research 
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Center's intent and with buy-in from a limited number of Project Managers. Without the 
need for an extensive and lengthy data collection process, The Research Center would be 
able to derive proxy datasets with minimal effort. 
The survey respondents were asked to report a range of cost savings the completed 
project might have realized on an annualized base. They were also asked to provide 
implementation cost estimates in terms of ranges. A sample survey is available in 
Appendix B. Considering the lack of a formalized data collection and project evaluation 
process at FDOT, as well as the large number of functional areas under which FDOT 
research is classified ( or even the smaller number of categories used to classify research 
projects detailed in Chapter 2), obtaining a statistically sufficient number of datasets 
suitable for robust statistical analysis is highly unlikely. Hence, a procedure was needed 
that could utilize the limited data effectively and provide a basis for future project 
evaluation. 
A statistical process, known as Monte Carlo simulation, facilitates this. The Monte 
Carlo technique takes its name from the famous gambling center, due to the randomness 
involved in game outcomes. The application of Monte Carlo simulation is particularly 
appropriate to the situation presented by the FDOT Research Office; there is a need for 
several parameters to produce estimates of the economic benefits of a research project but 
insufficient data to undertake statistically robust analysis. Further, data from the surveys 
supports the assumption that some of these parameters cannot precisely be quantified for 
the lifetime of the project. This is due to several reasons, the most significant of which is 
the lack of readily available quantitative information/estimates on economic returns from 
the implementation phase of research findings. 
Monte Carlo simulation makes it possible, using a small number of data points to 
estimate the mean and standard deviation of a derived dataset of interest and to support 
statistical inferences of the necessary parameters. Monte Carlo simulation analysis has 
become established as a financial tool to aid in risk analysis, particularly in investment 
decision-making ( e.g., range of investment levels, implementation costs, defining 
possible benefit streams). The fundamental concept is that a computer can be used to 
simulate a large number of outcomes, each representing a probable future path. The 
values generated will be found most frequently near the most likely outcome ( e.g., the 
most likely range of economic returns) and less frequently for values further removed 
from that outcome. The simulation typically undertakes over 1,000 runs. 
5.3 A Simulation Example 
The objective of the additional survey was to obtain a small data point sample from 
which to run a Monte Carlo experiment. Using a relatively small dataset from the second 
survey, in terms of project cost savings and implementation costs, the CUTR research 
team intended to create a synthetic sample to simulate the availability of a larger database 
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(although the team recognized that not all project categori es w ill be conducti ve to 
qualitative measurement, those that are require some level of baseline data). 
PM ' s were asked to provide three possible ranges of various cost-savings and 
implementation costs: Lowest, Highest, and Most Likely. An underlying assumption has 
to be made regarding the data generating process (DGP) for the observation at hand. In 
this example, we assume that the distribution underlying the DGP is a tr iangular one. 
That is, the three values provided by the respondents are assumed to originate from a 
distribution where, if they were to be drawn again and again, they would take any value, 
at random, within the open-end intervals of the least and most likely values. Furthermore, 
it is assumed that the most li kely occurring event refl ects the most likely value. Using this 
assumption and the provided ranges, a synthetic sample of 1,000 observations is created. 
The figure below provides a computer snapshot of the Monte Carl o run. Figure 5.2 
displays the results, with an underlying truncated lognormal distribution. 
Assumption: Cost-Savings Distribution 
Distribution 
Triangular distribution with parameters: 
Minimum 47 1,656.70 
Likeliest 520,000.00 
Maximum 576,469.30 
47 1,656 70 497,859 85 524,063 00 550,266 15 
Selected range is from 472,000.00 to 576,000.00 
Figure 5.1 Monte Carlo Simulation, All Data in $ 
Dislrihution 
Assumption: Cost-Savings Distribution 
Lognormal distribution with parameters: 
Mean 524,063.00 
Standard Dev. 52,406.30 
386,596 96 465,79 1 58 54-1,986 19 624,1 80 81 
Selected range is fro m 40 1,379.96 to 602,006.3 1 
Figure 5.2 Monte Carlo Simulation, All Data in $ 
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The objective of the survey of selected projects was to obtain a small data set from which 
to conduct sample drawing with replacement1 and create a synthetic data set of new 
observations able to provide a proxy for expected benefits and costs a given project 
category might actually produce. Project Managers were asked to provide estimates of 
the ranges of savings ( or benefits) that a project might have achieved in the areas of 
Construction, Maintenance, Administrative, and Technology savings. PMs were also 
asked to provide an estimate of the costs of implementing the findings of the research 
project. Once this is done, the data can be entered in the option validation model as 
described in the example application of Chapter 6. 
1 Sampling with replacement is the first step in Monte Carlo simulation. From a given sample, one 
observation is extracted and replaced with an out-of-sample, randomly generated observation. 
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Chapter 6 - Model Development 
Introduction 
Extensive research on currently available evaluation methods showed that there is not a 
unique approach to project valuation. Rather, there are different valuation approaches, 
which have been applied to tentatively ascribe a quantitative economic value to the 
benefits of transportation research programs. Some of these approaches try to provide 
quantitative measurements, while most rely on qualitative assessments to overcome what 
seems to be the main constraint to evaluation: the inherent incapability to accurately 
measure economic benefits of transportation research programs. 
The objective of this task was to develop a model or an approach to provide a 
quantifiable economic measurement of the value of research projects, aimed at 
recognizing and summarizing benefits for which a consensus on dollar value may not be 
easily recognized. Using the CUTR proposed project classification, option pricing theory 
is applied to valuing the economic impact of Transportation Research and Development 
(TR&D), and extended to transportation research project evaluation. The conditions of 
limited data availability, commonly found in transportation research agencies, are 
partially resolved through Monte Carlo simulation. 
Option pricing theory ( and the undergirding philosophy, generally) is currently applied in 
various R&D programs in the private sector, such as the oil exploration, pharmaceutical, 
telecommunication, and service industries. This approach has found support in that it is 
somewhat different from other financial techniques and is particularly suited to the nature 
of research programs [i.e., medium to long-run project duration, uncertainty of outcome, 
implementation of findings delayed at some point in the future, the general recognition 
that risk varies throughout the overall process, and finally, the need to have a portfolio of 
research projects with an ideal mix of short-run, low-risk and medium-long run, high risk 
research projects (e.g., applied vs. basic type of research)]. 
The Real Option Approach, combined with Monte Carlo simulation, can be adopted to 
better capture the elements of risk and uncertainty and provide a more accurate economic 
evaluation of research projects. Ultimately, the goal was to provide the program 
managers with a set of suggested measurements of the value of research projects for each 
of the categories and, at the same time, to optimize their potential for economic returns 
under a set of fluctuating annual budget constraints. Furthermore, given limited initial 
data, a Real Options approach provides the setting for considering the entire FDOT 
Research Center program more as an investment for future gain, as opposed to tracking 
and attempting to select individual projects based on likelihood of success and payoff. 
In the first part of this chapter, an overview of the currently available evaluation methods, 
including a short background on Net Present Value (NPV) and Real Options evaluation 
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methods is presented. In the second part, an extension of the Real Option approach to 
value research projects is provided. Finally, an example application to show how this 
approach can supply transportation research managers with a new tool to value their 
projects is demonstrated. Data constraints are overcome with Monte Carlo simulation 
processes ( as explained in Chapter 5) and data from the PM survey as discussed in the 
previous section of this report. 
6.1 Current evaluation methods 
There exists an extensive body of literature covering the benefit-cost analysis of 
transportation improvement projects. As a consequence, there is general agreement 
within the transportation research community on key variables such as travel time-
savings, accident costs, and, to a certain extent, proper discount rate. Conversely, there 
are only a limited number of studies that actually address the specific issues of estimating 
the economic benefits attributable to transportation research projects. Table 6.1 provides 
an informational summary of the techniques currently available. 
Benefit/cost ratios have been popular for some time, since they provide a simple and 
relatively easy way of attempting to understand the potential gain of transportation 
research projects. In performing a simple benefit/cost analysis, it is necessary for the 
decision maker to provide quantitative information in order to ascribe value to a project. 
When this has been done, the project can be viewed as a relatively simple financial 
investment and, therefore, be subject to measurement with more standard financial 
investment tools ( e.g., net present value). 
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Table 6. 1 Project Eva luation Techniques-Overview 
METHOD MEASU RE PRO CON 
In tcnns of direct user bc11efi1s and Widely known and used lcchniquc Ovcrcstima1ion of cost/bencfi1s 
Benefit-Cost 
project costs. 111e 8 /C rnuo measures Rcla1ivcly easy to compute and implement Subjcctt, 11y of attribu1ions / assumptions 
the ratio of projcc1s benefits to project about externali ties of costs, ~lainly 
Analysis costs considers direct user benefits General 
disagreement upon hurdle rate for discount 
~vlcas urcd in dollars. it estimates the Conventional l)1>C o f i,wcstment analysis. Discount rate oficn includes couserva1ivc 
Net Present Value actualized diITcrcncc bc1,,cen cxJ>ectcd Widely accepted estimates of perceived risk I ligh discount 
benefits and costs associn1cd 10 the mies co111ribu1c 10 unwnmuncd risk 
(Discounted Cash research project aversion 10 making long-tenn/high risk 
Flow) investmcn1s 
Ra1io oflrwesllnent over Annual Cash Easy 10 com pule and understand The longer 1he payback period, 1hc higher 
FIO\\S the risk Not well suited to cvnluate long-
1crm basic type of research. Docs not 
Payback Method measure the retums from cash nows for 1hc 
life of the project 
~lcasures economic benefits ofin terms It assis1s in in planning and decision t-\ s with NPV. it fail s to deal explicitly wi1h 
Return on of a ratio making for future investments and priority 1he implications of not pursuing the setting research project 
Investment 
Similar to NPV. but through a The higher 1hc uncertainty of project's None in J>articular. Additional infonnation 
bionomial decision tree. which accounts ou1come. the higher the po1cn1ial payback in 1he fom1 of estimated project related 
for the clement of uncertainty peculiar from i11vestmcn1. Ve1y well suited 10 track J>robabilitics need 10 be gathered or 
Real Option 10 the project project development from approval to post• simulated 
Valuation 
implementation 1>hase. \Veil suited to ,•alue 
medium and long•tcnn. high risk research 
projects 
Qualitative assessment through Can capture all qualitative externalities 1101 Not paniculnrly useful for project 
anecdotal stories of project success. measured by all other traditional valuation prioritiza1ion/cvaluation puq>0ses. 
Peer Reviews methods. 
Can be used without extensive especially under budgetary constraints 
data 
6.1.1 Current Evaluation Methods Shortcomings 
As outlined in Table 6. 1, the various readily available project evaluation techniques have 
a number of shortcomings. Such shortcomings impact the measure of economic benefits 
and the discounting of future benefi ts, and ignore the basic economic principle of sunk 
cost. 
Economic Benefits 
The major limitation common to all currently available evaluation methods is the 
assessment and definition of what constitutes an economic bene fi t. Whi le it is relatively 
easy to resolve the issues of defining research costs (conversely, it is di fficult to identify 
the costs associated w ith the implementation of research findings), to assess the benefits a 
particular research project will produce is by far the most diffi cult task in determining the 
value of the investment. Usually, benefits are assumed to take the form of tangible and 
intangible benefits. Tangible benefits ( e.g., cost savings accrued by the deve lopment of a 
more durable type of aspha lt) are easier to quantify , while intangible benefits (e .g., an 
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increase in labor productivity due to technology transfer) are difficult to identify and 
capture. 
While tangible benefits tend to provide hard data to the researcher and are more objective 
in their own assessment, intangible benefits usually incorporate a certain degree of 
subjectivity in their definition and are difficult to measure and quantify directly. As with 
interpretation of survey findings (Chapter 4), the limited availability of hard data impairs 
any attempts to ascribe quantifiable estimates to transportation research projects. Within 
the boundaries of current statistical techniques, CUTR compensates for this lack of data 
by employing data simulation procedures to provide meaningful ranges within which to 
estimate economic benefits. 
Excessive or too conservative discount rate 
Even if economic benefit assessment issues are resolved, the particular evaluation method 
and metric used in evaluating a research project have their own limitations. Table 6.1 
summarizes the pros and cons of the most widely used evaluation methods. In particular, 
Benefit Cost analysis (BC), Discounted Cash Flow (DCF) analysis, and Internal Rate of 
Return (IRR) fail to treat the research investment as a series of separate decisions 
(Research, Develop, Implement). Furthermore, the discount rate is typically applied to 
the entire research project, while the actual level of risk may vary substantially in the 
different phases (Research, Development, and Implementation). To compensate for these 
shortcomings, discount rates are often inflated, resulting in an undervaluation of the 
project. 
Research expenditure as a sunk cost 
All methods, with the exception of the Real Option Approach fail to take into account 
that research projects (such as basic research) can be assumed as a sunk cost by the 
sponsoring agency. That is, a research project may have embedded a high element of 
uncertainty with respect to its outcome, but also provides the opportunity to reap great 
benefits. By applying NPV or DCF, the research manager might fail to deal explicitly 
with the implications of not pursuing the research project if the initial NPV is negative 
and the project is rejected altogether. This is especially true for basic research, which is 
prone to return a negative NPV the longer the temporal horizon of the research phase. As 
a consequence, NPV and DCF approaches seem to favor applied, short-term, low-risk 
transportation research at the expense of basic, long-term, high-risk transportation 
research. This, in turn, affects research programs at a programmatic level, where the 
portfolio composition tends to be biased towards low-risk, applied research. 
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6.1.2 Matrix approach 
Among the currently available evaluation approaches, CUTR recognized that no single 
method is suited to evaluate projects across all proposed categories. Rather, even within 
one category, one or more approaches may be well suited, their use dependent more on 
the agency constraints and objectives. Multiple possibilities are due to the fact that the 
choice of the most suitable approach depends on three main factors: time or duration of 
the research project, the project's relative risk, and the program manager's level of risk 
aversion. Limited data avai lability represents a constraint to traditional evaluation 
approaches as well as the RO Approach. Figure 6. 1 provides a quick reference as to the 
suggested use of the various evaluation methods as well where the RO Approach stands. 
This matrix supports the evidence that project evaluation needs to be multidimensional, 
incorporating not only the project categories but also the dimensions of time, risk, and 
ease of quantification. Ultimately, CUTR found that in the presence of data availability 
(and an established collection procedure), for those projects characterized by elements of 
uncertainty in outcome, the RO Approach (by means of a binomial decision tree) better 
represents and captures the potential payoffs of a proposed project. 
Time of Time 10 
Risk 
E:1.st or Recommended Evaluation Method 
Evalu:11ion lmJ>lcmcnt Quanlification 
Category Early Late Short Long High Low High IJIC ROI NPV 
RO Peer 
LO\\ 
APllrOach Rc,·icw 
Oevelo11 
A Producl or 
Procedure 
E,•aluatc 
C Product or 
Procedure 
RtSta rch 
E ond 
Oocumcnl 
F 
Technology 
Transfer 
Figure 6.1 RO and Matrix Approach 
6.2 Real Options Approach (ROA) 
CUTR researchers recognize that the RO Approach has a great potential for extension to 
transportation project evaluation. It could reasonably provide a means of not only 
quantify ing their intrinsic benefits, but also providing a tool for research portfol io 
decision-making under budgetary constraints. 
Recently, Real Options has emerged as a potentially useful technique complementing 
traditional approaches to R&D evaluation. Option Theory, to value financia l assets, was 
originally forma lized in a theoretical and mathematical framework in the 1970s, thanks to 
the work of Black & Scholes (1973) and Merton ( 1973). The early insight that Options 
Theory could be applied to non-financ ial settings, (or real options) as described in 
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Trigeorgis ( 1996), coupled with the realization that the real value of investing in research 
is equivalent to the purchase of a real option, led to attempts to extend this approach to 
value research. To date, much of the practical application of Options Theory has been in 
the pharmaceutical and biomedical industries, and, to some extent, in the service and 
telecommunications sectors. 
The main advantage of the RO Approach lies in its capacity to capture the value of 
flexibility in R&D projects. It presents research program managers with the option to 
abandon a project if the results of R&D are not promising, thus limiting losses to the 
amount originally invested in the R&D phase. By applying the RO Approach, the 
research project is regarded as a series of sequential options where information enters the 
process as it becomes available to the analyst. 
R&D is characterized by uncertainty, and the effective assessment of R&D programs 
requires a complex interaction of variables. It requires the balancing of strategic 
management (how to properly allocate R&D resources) with operational management 
(execution of projects) while facing budgetary constraint issues. The strategic aspect of 
R&D management alone requires the resolution of some very important questions such as 
the following: 
• Do we have the right total R&D budget? 
• Are we allocating it to the right research areas? 
• Do we have the right mix of risk and returns of long and short-term projects, of 
basic verses applied research? 
This chapter addresses the manner in which the conditions of limited data availability, 
commonly found in transportation research agencies, are partially resolved through 
simulation techniques. The following sections will demonstrate that the Real Option 
Approach, combined with Monte Carlo simulation, can be adopted to better capture the 
elements of risk and uncertainty to provide a more accurate economic evaluation of entire 
research programs. 
6.2.1 Explanation of RO Approach 
Definition of option 
An option is a financial product constantly used in the daily financial decision-making 
process. The kinds of options that are traded today come in many forms. The type that is 
most relevant to Research and Development (R&D) is the "call option." A call option is 
a contract that gives the purchaser the right but not the obligation to buy a certain asset at 
a specific future date. When the future date comes, the purchaser of the option will 
"exercise" this right if the market price of the asset is higher than the price specified in 
the option contract, and will make a profit proportional to the price differential. If the 
market price of the asset is lower than the option contract price, the option holder will 
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allow it to "expire," and his loss will be limited to the original amount paid for the option. 
Two interesting characteristics of a call option are that its potential value is a function of 
future uncertainty and time to expiration, and that there is a limit to the downside risk to 
which the option holder is exposed. Increases in uncertainty about the future asset price 
increase the value of the option. 
The general concept is that R&D is closely analogous to an investment in a call option. 
An R&D investment gives the right to decide, at some future date, whether or not to 
"exercise" that R&D investment. At the end of the R&D phase, the uncertainty that is 
intrinsic to research will be resolved and the outcome can be assessed. If the outcome 
looks promising and external conditions are favorable (political, economic), the R&D 
will be exercised in terms of implementing the R&D findings. It if does not look 
promising, the R&D option will "expire" ( or an option to postpone will be exercised) and 
the loss will be limited to the amount of the initial R&D investment. 
The extension of the use of options from financial assets to real assets happened quite 
recently, when corporations strived to find more flexible methods than discounted cash 
flow analysis in the evaluation of investment opportunities in very uncertain 
environments. Only recently, the approach has been extended to Research and 
Development (R&D) to aid in the assessment of research projects, particularly in medical 
and biological research, due to the high uncertainty of outcome. 
As we will show in greater detail in the next sections, the parallels between the option 
price and an R&D option can be seen by the following comparisons: 
• The price of an option is analogous to the cost of the R&D project 
• The exercise price is analogous to the cost of the future investment needed to 
implement the R&D findings 
• The value of the stock is analogous to the returns that the R&D investment will 
produce (uncertainty in these returns gives value to the option) 
6.2.2 Real Options Applications 
To date, much of the practical application of the RO Approach has been to the oil 
exploration, pharmaceutical, and biomedical industries, although increasingly to the 
service and telecommunication sectors. In the service sector, recent applications deal 
with electronic commerce projects evaluation or decisions of companies to invest in 
Internet retail services. 
Typically, R&D is divided into three main phases, each one characterized by its own 
timescale: 1) Research; 2) Develop; 3) Launch the product. At the end of each phase a 
decision has to be made on whether or not to continue for the next phase. The research 
and development phases are also characterized by costs. The last phase is characterized 
Center For Urban Transportation Research 
I l /8/2002 
50 
JIL 
I 'a/11i11g thl' Bc.:nl'_{its o(frumportation Rt..'search: A Matrix Appruach 
by expectations of economic returns. Under this scheme, the research phase buys the 
option to launch the development phase, which in tum buys the option to launch the 
implementation phase. The choice of model depends upon the compromise between 
capturing as many aspects of the decision problem as possible while being able to 
reasonably estimate the parameters of the model. 
6.2.3 Relevance of Real Options Theory to Transportation Research 
Investments in transportation research programs have potential benefits, but they come 
with the risk that their actual benefits, costs, and other factors affecting implementation 
may differ greatly from those predicted. Investment in transportation R&D can be 
regarded as the option, but not the obligation, to take some action in the future. However, 
the decision whether to invest in a given R&D project, once made, is irreversible. 
The option approach shifts this decision-making process from simply choosing whether 
to invest in a R&D project to a management approach that considers a range of possible 
decisions, with the potential value of each decision measured in terms of its option 
creating value. By allowing the incorporation of improved information, the RO 
Approach allows program managers to positively incorporate those risk elements inherent 
to transportation R&D, better capturing their potential value in term of economic 
benefits. 
Importantly, the RO Approach sets clearly the concept that research expenditure today is 
a "call option" on future gains for the FDOT. Universally, sound business practices 
protect against future losses and plan to be ready to take advantage of future 
opportunities. As such, research program expenditures are the extent of future losses, but 
are a necessary cost of securing the ability to exploit future opportunities as they arise. 
The fundamentals of the RO Approach are easily extended from individual project 
evaluation to program evaluation, again along the lines of a "portfolio mix" of research 
investments. Certain projects lend themselves more easily to quantifiable outcomes, 
others more to qualitative measurement. The portfolio approach would allow program 
managers to consider that an appropriate portion of research expenditure be in the hard-
to-quantify types of activity, balanced by those in the easy-to-quantify categories for 
which an RO Approach can be applied to value a research program's overall activity. 
6.3 ROA Model Selection 
There exist several methods to evaluate a real option, most of which directly follow the 
approach initially formalized by Nobel Prize recipients Black, Scholes, and Merton, 
which developed the theoretical and mathematical framework for financial option 
valuation. The Black-Scholes partial differential equation (PDE) represents the basis of 
valuation of many different types of option. The solution of this equation provides the 
value of the option, which can be exercised (or not) at one specific date in the future. 
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CUTR found that the nature of transportation research lends itself well to the Binomial 
Option Valuation Model in valuing transportation research projects because this 
alternative approach requires the construction of decision trees, which by their graphical 
nature help to convey a direct understanding of the basic outline of the project path from 
inception to completion. Furthermore, the use of the decision tree approach addresses the 
element of project risk in a manner that cannot be modeled by applying the Black-
Scholes equation. In fact, in financial markets, where the Black-Scholes equation is 
mostly used, the calculation of volatility of given assets takes the form of a log-normally 
distributed continuous variable, while, in R&D, risk takes the form of a discrete variable. 
Hence, the Binomial Option value model provides a better statistical fit to predicting 
likely outcomes for research project valuation. 
6.3.1 Black Scholes 
The Black-Scholes pricing method requires the solution of a system of equations, whose 
necessary inputs are those defined in the following section. Although the formula itself is 
complex, it can be programmed into a computer. The complexity of the formula, 
however, means that the Black-Scholes will appear as a "black box" to most research 
managers. The mathematical manipulations that take place are not easily understood and 
the results are often counterintuitive, thus presenting a significant challenge to the 
acceptance of Black-Scholes model adaptations. For convenience and for a more 
thorough discussion of the Black-Scholes approach and base formula, please refer to 
Appendix E of this report. 
6.3.2 Decision Trees 
Decision trees have been discussed in many papers in terms of the principle and method 
of construction and use. Real Option valuation by means of decision or binomial trees 
can be shown to be a direct adaptation of the Black-Scholes model and can yield the same 
results. The decision trees can help project managers do the following: 
• Understand the basic outline of the project path from inception to completion. 
The construction of the tree can help the project manager understand the 
sequence of events that will have to be developed as the project progresses. It can 
also help project managers reduce the likelihood of unpredicted events in 
downstream activities (i.e., project activity delays). 
• Identify and understand the probability of success along the project path. By 
designing a decision tree for each project, project managers could begin to track 
historical information on probability of success peculiar to each project category. 
As historical data is accumulated, their reliance on simulation processes is 
reduced and option value calculation becomes more accurate. 
The ability to lay out on a single sheet of paper the key elements of a project can prove 
useful in project selection, project management, and project portfolio composition 
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decisions. Considering the degree of risk aversion of the progranm1ing agency and its 
correlation to the annual budgetary constraint, transportation research agencies can utilize 
decision trees to construct an optimal portfo lio capable of maximizing returns. The 
actual construction of a decision tree can be a time consuming process for each project, 
but can be considered a useful investment in time by the project evaluator. Figure 6.2 
displays an example of a decision tree that can be used to value a given R&D project. 
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T1= Implementation Decision 
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Figure 6.2 Binomial Decision Tree 
Expla11atio11 oftlte binomial tree 
An R&D investment can be viewed as a cost (Io) of a real option in which the project 
proceeds only if the R&D succeeds. More specifically, the cost to implement the R&D 
findings can be viewed as the exercise price (Ic), and the present value of the f-t.1ture 
expected benefits (EB) from implementation could be viewed as the asset value for a 
typical real option framework. A successful R&D outcome has probability (P (S) = ex), 
whereas an unsuccessful R&D outcome has probability (P (F) = 1-cx). Alpha can be 
considered as a measure of technical risk peculiar to the project being valued. In this 
example, to value the option of an R&D project, we assume that the expected benefits 
(which can take the form of cost savings) assume one of the two values. They take the 
form of EB, with probabili ty (P) if the economic conditions are favorable, and a value of 
EB2 with probability (1-P) if the economic conditions are unfavorable. 
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At each point in time along the timeline, the project manager is faced with a decision. At 
T 1, when the outcome of the research is known, the project manager must decide whether 
or not to implement the project findings. In doing so, the manager will have to rely on the 
expected benefits. At this point, newly available information can be incorporated in the 
decision making process, leaving the project manager with the option to interrupt or 
proceed to the implementation phase. At T2, the research project will start producing 
benefits. 
Eventually, the process is one of back folding values from T 2 to To- The first decision is 
whether or not to buy the option (invest in R&D), which depends on the value of the 
option itself. This value is based on estimates of uncertain future benefits. 
While the project manager does not know exactly what the future benefits will be, the 
range and likelihood of these benefits using a probability density function can be 
modeled. The research manager is also faced with the uncertainty surrounding the 
expected implementation costs. Thus, in order to make a decision about the R&D project, 
the manager must use two models of uncertainty: one for the expected benefits and one 
for the expected implementation costs. To resolve this problem, accrued by the lack of 
historical data, in Chapter 5 we proposed to utilize Monte Carlo simulation. Eventually, 
due to the fact that Monte Carlo experiments entail a high number of runs, the resulting 
option value will be in the form of an inference interval, with attached confidence 
bounds. This will be seen in greater detail in the example application. 
6.3.3 Binomial Tree Real Options Equation 
Input details and constraints 
The input needed to run the RO Approach and evaluate an option on an R&D project are: 
• The initial investment cost, 10 (Value of the underlying asset, V 0) 
• The implementation cost to implement findings, le (Exercise price) 
• Time to the decision date ( option expiration date), T 
• Risk free interest rate, r 
• Probabilities, a. and~ (volatility of the underlying asset, cr) 
The parallel between the option price of a stock and an R&D option can be seen if we 
substitute the above factors for the analogous elements in parenthesis. 
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Expected Benefits (Tlte current value of t/1e underlying asset V0) 
For an option on a stock, this is just the current stock price. For a real asset, calculations 
have to be made. When Vo cannot be directly established, a comparable asset is used 
instead. For example, in valuing an Internet start-up the value can be obtained using the 
Vo of comparable firms already established. 
In the traditional Black-Scholes option valuation approach, VO follows a geometric 
process. Vo moves up or down by multiplying it by an up/down movement factor. The 
magnitude of the up/down movement factor depends on the volatility of the underlying 
asset. By estimating movements of Vo, the analyst is able to compare it to the exercise 
price at the time the option expires. If VO is greater than the exercise price, then the 
option will be exercised. Therefore, the greater the volatility, the greater the changes Vo 
could incur in each period, thus leading to a potentially higher option value. 
In transportation R&D, VO is the value of the benefits coming from the implementation of 
the research findings discounted to their actual value. Together with implementation 
cost, it is the most difficult input to assess. Very little quantitative information can be 
currently obtained on this input across all project categories. The difficulty is mainly due 
to the fact that a system that tracks the post-implementation phase of research findings 
must be in place to record any historical data on accrued benefits. As discussed in greater 
detail in Chapter 4, the survey demonstrated the difficulty of obtaining even rough 
estimates, in terms of ranges, of benefits attributable to a given research project. In 
Chapter 5, CUTR provides an alternative method to deal with this lack of information. 
Implementation Cost (tl,e exercise price) 
In R&D, the exercise price is the equivalent to the cost of the future investment needed to 
implement the R&D findings, I. As in the case of Vo, the main problem is to identify 
what costs will have to be associated to implement the findings of a given R&D project. 
If proxy data are available from similar completed and implemented projects, this 
information can be entered in the option valuation process. The application example 
provides a clear idea of how to partially overcome lack of information on implementation 
costs. 
Project Specific Probabilities (tlte volatility of tl,e underlying asset) 
Volatility in the Black-Scholes model is derived from the "price relative" (final stock 
price divided by initial stock price) and obtained from historical data. Volatility expresses 
the inherent risk associated with the traded asset. This usually does not apply to R&D 
projects. 
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In R&D, volatility takes the form of probability that an event will occur, such as the 
probability that the research will be successful in attaining the objective stated in the 
initial scope of work. Probability can also express the risk associated with the 
implementation of findings, which embeds elements of uncertainty exogenous to the 
project. In our case this can be related to the probability of success of research projects. 
Success could be estimated by using the rate of project approval by FDOT through the 
years, as well as the rate of success in research ( e.g., successful project completion). 
In order to capture project volatility, CUTR proposed using the analog of the Black-
Scholes financial option pricing formula to understand the effect of volatility. This 
approach is useful to qualitatively understand the determinants of project value. 
However, it relies on the assumption of variance growing continuously over time or more 
information being gained every day. Additionally, the variance is often assumed to grow 
at a pace following a random walk2• This does not fit a research environment, where 
information becomes available at discrete points in time ( e.g., after a research phase has 
been completed). To remedy to this limitation, several authors have proposed jump 
process models, in which discrete value changes are superimposed on a Brownian value 
process following exponentially distributed intervals. 
6.3.4 The equation 
The value of the R&D option at the completion of an R&D project is equivalent to the 
stock option on the exercise date. When the decision is made to invest or not invest in a 
given R&D project, the value of that R&D project is the difference between the net 
present value of the anticipated or expected benefits and the net present value of the 
implementation costs. If the anticipated benefits exceed the costs, then the R&D project 
has a positive value. Otherwise, the project has no value. Since the research manager 
does not have to make the additional investment (in implementation costs) if costs exceed 
benefits, the research manager will never realize a loss from this decision. 
The value of an R&D project at completion is: 
V = max [O, B-C] 
Or 
2 A random walk is a time series in which an observation at T 2 takes a value which is independent of the 
value of observation at T1. 
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{
B- C, if B>C} 
0, if B -S: C 
V= va lue of the R&D at completion 
B= net present value of future benefits 
C= net present value of implementation costs 
The value of the R&D project at the begiru1ing of the project would be V discounted back 
to time To. Of course, the project manager does not know what V w ill be until the end of 
the project, so the expected value of V must be used as an estimate. Let X be the net flow 
of benefits, X= B - C, then the expected value of the proj ect a t completion is g iven by : 
~ 
E (V] = f ~f, (x)dx 
0 
Here, .fxCx) is the probability density function of the net expected benefits. As shown in 
Chapter 5, and in the example application of Chapter 6, if some underlying DGP for both 
expected benefits and implementation costs is assumed, it is easy to derive / , (x) from 
the distribution of B and C. In pat1icular, it can be shown that, by us ing relatively few 
data points for a sample of historical data on benefits and implementation costs of similar 
projects, one can obtain a distribution of outcomes of E [B]. 
While the anticipated costs w ill always be greater than zero, the net benefits can be 
positive or negative. The model can now be used to determine how much one would be 
willing to pay for R&D at the beginning of the project, given a discount rate of r: 
~ ,., f d V = e- xf,. (x ) x 
0 
In this model, the two uncertainti es of benefits and implementation costs are combined 
into one probability mode l describing net benefits. In Chapter 5, two different 
distributions were used to describe the underlying DGP of expected benefits and expected 
implementation costs. It is common practice to assume expected benefits to be log-
normal distributed. Depending on the characteristic of the project in question, a triangular 
distribution can be fitted instead. 
Center For Urban r rnnsportmion Research 
I I /8/2002 
57 
JlL 
I 'a/uing flu: Bene/its o/ fru11sporwtio11 Rl'sl'urc/J. .·I Matn\ .-lppmach 
6.3.5 Applied Example with Monte Carlo Simulation 
An example of a ROA application to value a given R&D project follows. The example 
shows how the value of the project increases as its relative uncertainty accrues, while 
NPV fails to do so. Given that in order to value the option all of the inputs described in 
the previous section are needed, researchers at CUTR utilized a simulation procedure to 
compensate for the lack of quantitative data from past completed projects. The initial 
objective was to utilize information from a set of selected completed projects (as 
described in Chapter 5) to create a portfolio of projects capturing all of the proposed 
categories. Since only two or four PMs provided partial answers to the selected 
questionnaire, CUTR could not collect enough information to attempt to construct a 
FOOT research portfolio able to produce meaningful insight. 
Instead, an application example to explain how the RO Approach can help to better 
evaluate a given R&D project is examined. The following example is intended solely for 
explanation purposes. It by no means represents an attempt to ascribe a value to a specific 
FOOT project. Some of the parameters needed for RO Approach analysis were obtained 
using information from the initial survey of the 281 completed projects. 
Example 
Highways are repaved on a regular basis to guarantee a sufficient thickness of asphalt. 
This helps to avoid road wear as well as expensive repair work, and assures continued 
road usage. However, some highways need more maintenance than others. The research 
project deals with the construction of a prototype device to measure the thickness of 
asphalt. The successful prototype should provide a means to accurately assess asphalt 
thickness, so that roads are not repaired prematurely or unnecessarily. Such a successful 
research project could result in significant annual cost savings in terms of dollars saved in 
asphalt expenditures. Figure 6.3 depicts the Binomial Tree approach to value this 
research project. 
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T := Implementation Decision 
Figure 6.3 Example Application, Binomial Tree 
Input and Assumptions 
Prob. = 0.5 
EB,= 20 SM 
Prob. = 0.5 
EB,= ISSM 
l'roh. = 0.5 
EB,= IOSM 
Prob. = 0.5 
EB.=5 SM 
Timeline > 
The research and development of such a device wi ll take one year and cost $7 million. At 
the end of this phase, if the research is successful and no particular events suggest a delay 
in implementation, the results can be implemented. The costs associated with the 
implementation are not known at the moment the research project is approved, but 
previous historical information on similar devices helps to provide some estimates. 
Projected implementation costs (le) could range between $15 and $30 million with a 
mean value of $20 million. Such costs are assumed to be log-normally distributed, with a 
standard deviation of 3%. Figure 6.4 depicts the distri bution of implementation costs. 
It is also assumed that the device will be in use starting in the third year after the 
implementation phase. Expected benefits in terms of cost savings will start that year and 
are projected to last for at least five years. Given the current economic conditions, and 
information on similar and previously completed projects, we estimate that annual cost 
savings will range between $15 million and $20 million a year, in a best-case scenario. In 
a less than optimistic scenario, annual cost savings wi ll be between $5 million and $10 
million. It is assumed that the expected benefits are exogenous to our analysis, since there 
is no direct control on their future values. For this example, it is considered that these 
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expected benefits are log-norma lly distributed with a standard deviation of 20%. Figure 
6.5 shows the relative distribution. 
Assumption: lognormal 
Lognormal distribution with 
Mean 
Standard Dev. 
20.00 
3.00 
Selected range is from 15.00 to 30.00, $ 17 22 
Figure 6.4 Implementation Costs Distribution 
Assumption: Expected Benefits 
Lognormal distribution with parameters: 
Mean 15 
Standard Dev. 2 
11 13 
Selected range is from Oto + Infinity 
Figure 6.5 Expected Benefits Distribution 
21 79 26 37 30 94 
16 18 20 
If the research phase is unsuccessful (the prototype is not developed), the device w ill not 
be built. Therefore, there wi ll be neither implementation cost nor annual cost savings. As 
reported in Chapter 4, the survey on completed projects revealed that out of all research 
projects considered successful, 60% get implemented. This value is used as input for our 
project-related probability. Furthermore, the assumed ri sk-free interest rate is 7%. 
Results 
These inputs are entered into a Monte Carlo simulation model for a 1,000 runs of 
sampling with replacement. T he target variable is the option value itself. After 1,000 
runs a distribution is produced of this value, upon which some inference can be made . 
Table 6.3 provides the descriptive statistic. 
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Table 6.2 shows how the regular NPV method suggests a negative value of about $7.2 
million for this project. This is because the NPV considers the project as a "now or 
never" investment decision. In doing so, a fixed discount rate is applied and the present 
value of the difference between benefits and cost is computed. 
Conversely, if the RO Approach is implemented, the research project will be, on average, 
worth about $8 million at the time the decision will be taken. Table 6.3 shows that the 
resulting option value is in the form of an inference interval, with attached confidence 
bounds. This is due to the fact that a sampling with replacement for a run of 1,000 was 
conducted. 
Table 6.2 NPV Method 
Elh filh filh fil!i Research Proiect Costs 
20 15 IO 5 lo 7 
le 30.00 
PV PV(lc) 24 
Year I 16 12 8 4 Total 31 
Year2 15 11 8 4 
Year 3 14 11 7 4 Assumptions 
Year4 13 10 7 3 
Year 5 12 9 6 3 10 = Initial Research Cost 
Total 72 54 36 18 le= Implementation Cost 
le -24 -24 -24 -24 Risk Free Interest Rate= 7% 
Present Value (PV) of 
Cost Savings 47 29 11 -7 
Probabilities 
0.6 0.5 
0.4 0.5 
Net Present Value -7.2 
Real Option 8.6 
A confidence interval can be applied to this distribution, and the confidence level can be 
intended as a proxy for risk aversion. By setting a stricter confidence interval, the project 
manager is more conservative in valuing the chance that the project will produce an 
expected level of economic benefits. Figure 6.6 displays the results for a confidence 
interval of 80%. 
Stated differently, out of the 1,000 possible values of the option, 80% of the time its 
value will lay within $5.2 and $10. 7 million. Since the research result is implemented 
only if the cost savings turn out to be higher than the implementation cost, the real 
options approach yields a higher result. It can be shown that increasing the risk of 
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outcome plays a positive role in option valuation, while it tends to produce an even 
greater negative value in NPV. 
Table 6.3 RO Approach and Monte Carlo S imulation: Results for a 1,000 Run 
Statistics: 
Trials 
Mean 
Median 
Mode 
S1anclard Deviation 
Variance 
Skewness 
Kurtosis 
CocfT. of Variabi li1y 
Range Minimum 
Range Maximum 
Range Width 
Mean Sid. Error 
Conclusions 
Real Oplion Value: i\ lonle Carlo Simulalion 
Value 
1000 
8 0 
8.0 
2.1 
4.5 
-0.08 
2.73 
0.27 
I 2 
13.7 
12.S 
0,07 
Summary: 
Cenai111y Lc,·el is 80.00° o 
Cenai111y Range is from 5.2 lo 10.7 S Million 
Display Range is from 2.-110 13.S S Million 
E111ire Range is from 1.2 10 13. 7 S Million 
Afier 1.000 Trials, 1hc Sid Error of 1hc Mean is 0.1 
1,000 Trials Frequency Chart 
028 
.021 
? 
:c 014 ., 
..Q 
C a: 007 
000 
24 5.2 7.9 10 7 
Ccr1ainty Is 80.00% from 5.2 to 10.7 S M111ion 
996 Displayed 
28 
14 
0 
13.5 
..,, 
;:; 
.c, 
C: 
n 
::, 
~ 
The RO Approach can help to provide a better assessment of R&D projects, whenever 
there is entailed a re levant e lement of risk and uncertainty. Transportation R&D projects 
have the potential to produce enormous benefits, but they come w ith the risk that actual 
benefits, costs, and other factors affecting implementation may differ greatly from those 
predicted. Investment in transportation R&D can be regarded as the option, not the 
obligation to take some action in the future. The option approach shifts this decision-
making process from simply choosing whether to invest in a R&D project to a 
management approach that considers a range of possible decisions, w ith the potential 
value of each decis ion measured in terms of its option creating value . 
Eventua lly , the option valuation process could be extended to all those project types that, 
according to CUTR' s proposed evaluation matrix, can be valued by means of the RO 
Approach. Accordingly, the project manager could produce an optimal project portfo lio. 
By a llowing cha nge of input parameters according to project type and category, the 
research manager could produce an optimal portfo lio geared towards maximizing returns 
given annually fluctuating budgetary constraints and relative risk aversion. Furthermore, 
better tracking the project completion phase will eventually supply improved quantitative 
information to use in the option valuation or any other process. Ultimately, any synthetic 
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data set created by means of Monte Carlo simulation can be substituted by historical data 
as data collection on project benefits and implementation costs becomes routine. 
Project classification by research activity rather than functional area will facilitate a more 
effective means to evaluate project and program benefits. Incorporating a Real Options 
approach to project and program evaluation will better incorporate the unique qualities of 
transportation research and assist both mangers and practitioners in evaluating project 
potential, acting as a more refined and effective decision support tool. An options 
approach will also better communicate to sponsors of research programs the nature of and 
rationale for investing in transportation research. 
However, it is also important to recognize that this approach is not a "fits-all" solution to 
project evaluation; oftentimes, simple approaches are still quite relevant. The place of 
the RO Approach is to serve as an evaluation tool that incorporates uncertainty into the 
evaluation process, focusing on future gains. It is a phased and adaptive approach that 
recognizes that political and economic conditions may change. This approach 
incorporates three fundamentals of transportation research projects: high implementation 
costs, uncertain future value, and medium to long research phases. 
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Chapter 7- Conclusions and Recommendations 
Public agencies are perhaps more closely scrutinized as to the effective and judicious use 
of revenues than are private agencies. The existence of public funding obliges agencies 
to full accountability; however, relevant tools are difficult to identify and develop. In 
contrast to such typical measures as returns on investment, share prices, and market 
share, public agencies must also be seen to be "serving the public." 
The importance of measuring the return from public expenditure becomes even more 
visible in times of fiscal restraint. In the case of a research program, the danger is that 
activity will cluster toward easily measurable low-risk types of projects with easily 
measurable outcomes and, accordingly, low returns. Fundamentally, however, "research" 
by definition should be an activity in which risks are high, outcomes unknown, and 
benefits difficult to quantify until the project is complete. 
The difficulty in measuring the return from research expenditure is that a historical lack 
of emphasis on quantification of the benefits of transportation research has led to a data 
gap that makes estimating those benefits today very difficult. Data collection of 
outcomes and implementation is not routine, and an institutional resistance to 
measurement often prevails. Furthermore, the timeframe from the original research idea 
to eventual implementation is typically quite long, the outcomes are uncertain, and there 
is a broad lack of agreement on what a "benefit" is. Changes in the way that research is 
viewed could help track projects from inception to implementation. Additionally, 
anecdotal success stories will only carry a research program so far. Without an 
organizational gauge of progress and an ability to quantify the benefits of previous 
expenditures, a loss of attention and subsequent loss of funding is a very real and rational 
response. 
In this study, CUTR examined seven industry types and discovered that a common 
denominator in the difficulty of Research and Development (R&D) evaluation is that of 
uncertainty. Additionally, there is a need to better match evaluation tools to address the 
fundamental elements of transportation R&D, which include the following: 
- Projects are rarely short term 
- Outcomes lead to subsequent decisions 
- Outcomes are uncertain 
- Outcomes are difficult to quantify 
CUTR also found a need to communicate that research programs are by their nature risky 
and exploratory. If answers were known with certainty, there would be no need to do 
research, and project ideas could proceed directly to implementation. Importantly, 
without R&D today, the option of being able to proceed with certainty in the future is not 
created. 
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Hence, for R&D programs to continue and to prosper, a change of "mindset" is required. 
It is widely understood that research is the first phase of a project, however, by 
formalizing not just the recognition of this concept but also adopting a tool to measure 
and evaluate this phase, research can be better seen as the first step in an "option chain." 
CUTR's adoption of the Real Options Approach (RO Approach) represents not only a 
potential method for estimating expected project benefits, but also an alternative way of 
viewing the activity of research programs. Consequently, time becomes a creator of 
value, as opposed to traditional evaluation approaches that place a cost on time. 
The Real Options approach has particular relevance to transportation research, as it 
incorporates into the evaluation process the very nature of many of FDOT projects 
including the following: 
a. Historical difficulty in quantifying benefits 
b. High uncertainty of research (risk) 
c. NPV not appropriate for long payoff periods 
Effectively, a RO Approach provides a more refined decision support system and has the 
potential to assist in predicting project benefits in advance. Additionally, the RO 
Approach implicitly incorporates the element of uncertainty and focuses on future gain, 
recognizing that political and economic conditions may change. This emphasis on 
uncertainty and focus on future gain rather than future loss facilitates an adaptive phased 
approach to research program management. Additionally, the RO Approach mindset 
helps identify the program mix better by distinguishing between Project Investments (low 
risk, committed timeframe projects) & Options Investments (higher risk, more 
exploratory types of projects). The value of the research itself can then be seen as 
analogous to a call option. 
The findings of this study supports that the RO Approach be an element of a matrix 
approach to evaluate some, but not all, R&D projects. Project evaluation needs to be 
multidimensional, incorporating not only the project categories developed by CUTR in 
this study, but also the dimensions of time, risk, and ease of quantification. The RO 
Approach is not a "fits all" solution, but one that has a place in a decision matrix for 
project and program evaluation. The "matrix approach" may also be useful in creating a 
research portfolio that includes a mix of high-risk high potential pay off projects with 
other research initiatives. 
Data needs are not an insurmountable problem. New, though common, techniques in 
data simulation can assist. Monte Carlo simulation can utilize a small number of data 
sets to provide valid, robust inferences of program or project value. As program data 
collection improves, these proxy data sets can be replaced by real data. 
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Recommendations as to the Florida Department of T ransportation Research Program's 
next step in assessing the economic value of the program include the following: 
1. A "matrix approach" should be applied in creating a research portfolio that 
includes a mix of high-risk, high-potential payoff projects with other research 
initiatives. 
Among the currently available eva luation approaches, CUTR recognized that no single 
method is suited to evaluate projects across all proposed categories. Rather, even within 
one category, one or more approaches may be well suited, dependent on agency 
constra ints and objectives . 
This matrix supports the evidence that project evaluation needs to be multidimensiona l, 
incorporating not only the proj ect categories but also the dimensions of time, risk, and 
ease of quantification. Ultimate ly, CUTR found that in the presence of data availability 
(and an established collection procedure), for those projects characterized by e lements of 
unce11ainty in outcome, the RO Approach (by means o f a binomial decis ion tree) better 
represents and captures the potential payoffs of a proposed project. The " matrix 
approach" may also be useful in creating a research portfolio that includes a mix of high-
risk, high-potential payoff projects w ith other research initiatives. 
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Figure 7. 1 Matrix Approach to Project Evaluation 
2. Utilize an extension of the Real Option Approach as a more sophisticated tool for 
measuring the potential benefits of transportation research. 
The RO Approach can help to provide a better assessment of Research and Development 
(R&D) projects whenever there is a re levant e lement of risk and uncertainty . 
Transportation R&D projects have the potential to produce enormous benefi ts, but they 
come with the risk that actua l benefi ts, costs, and other factors affecting implementation 
may differ greatly from those predicted. Investment in transportation R& D can be 
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regarded as the option, not the obligation, to take some action in the future. The option 
approach shifts this decision-making process from simply choosing whether to invest in a 
R&D project to a management perspective that considers a range of possible decisions, 
with the potential value of each decision measured in terms of its option creating value. 
Eventually, the option valuation process could be extended to all those project types that, 
according to CUTR's proposed evaluation matrix, can be valued by means of the RO 
Approach. Accordingly, the project manager could produce an optimal project portfolio. 
By allowing a change of input parameters according to project type and category, the 
research manager could produce an optimal portfolio geared at maximizing returns, given 
annually fluctuating budgetary constraints and relative risk aversion. Furthermore, a 
better tracking of the project completion phase will eventually supply improved 
quantitative information to use in the option valuation, or any other process. Ultimately, 
any synthetic data set created by means of Monte Carlo simulation can be substituted by 
historical data, as data collection on project benefits and implementation costs becomes 
routine. 
3. Tracking project success rates, costs and benefit data must be institutionally 
integrated if any systematic method of evaluation is to be estab/isl,ed. TJ,e extent of 
tJ,is effort must be balanced to consider tl,e cost and effort of sue/, a program. 
The FDOT should consider implementing a formal data collection regimen for research 
projects. Recognition that some projects may be difficult to measure and may not be 
easily quantified should not be used as an excuse for not embarking on this effort. There 
is a huge cost of going back to collect this data to quantify research projects, and there 
appears to be little emphasis on this issue by either Project Managers or Principal 
Investigators. Tracking of project success rates, costs, and benefit data must be 
institutionally integrated if any systematic method of evaluation is to be established. 
4. For R&D programs to continue and to prosper, a c/iange of "mindset" is required. 
The Real Options Approach represents not only a potential method for estimating 
expected proJect benefits, but also a way of thinking about research programs. 
Importantly, the RO Approach sets clearly the concept that research expenditure today is 
a "call option" on future gains for the FDOT. Universally, sound business practices 
protect against future losses and plan to be ready to take advantage of future 
opportunities. As such, research program expenditures are the extent of future losses, but 
are a necessary cost of securing the ability to exploit future opportunities as they arise. 
5. Incorporate statistical simulation processes to compensate for tJ,e current lack of 
liistorica/ data. 
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The lack of suitable data in the short term for project and program evaluation can be 
overcome through data simulation. An accepted and commonly used technique is Monte 
Carlo simulation, which can utilize a small number of data sets to provide valid, robust 
inferences of program or project value. As program data collection improves, these 
proxy data sets can be replaced by real data. 
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Appendix A 
Project Manager Project Survey: 
Template and Results 
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Project Manager Project Survey Template 
INTRODUCTION 
The Center for Urban Transportation Research (CUTR), at the University of South 
Florida, is conducting a study on behalf of the Florida Department of Transportation 
Research Center. This study is indented to develop and test various methodologies to 
provide some measures of the benefits and returns on research expenditures. 
The information collected from you will remain stri ctly confidential , and your name or 
other identifying information will not appear on any survey reports. Only aggregate data 
will be analyzed and reported. As a project manager or principal investigator responsible 
for the projects in question, you can help us by answering a few questions about the 
research projects you have performed or managed. Your input is very important to us, 
and it will help us to assess and document the benefits of transportation research in 
Florida. This survey will take just a few minutes to complete and your participation is 
completely volunta ry. Thank your for your assistance. 
Should you require any assistance in completing the survey, please contact Mr. Stephen 
L. Re ich (813-974-3120, reich@cutr.usf.edu) or Mr. Sisinnio Concas (813-974 -7760, 
concas(ci),cutr.usf.edu) at CUTR. 
Sincerely, 
Stephen L. Reich 
Principal Investigator 
RESEARCH PROJECT IDENTIFICATION 
Research Project Title 
Ct:nlt:r ror Urban rra11spor1atio11 Rt:st:arch 
11 /8/2002 
Contract Principal 
Investigator 
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SECTION A: GENERAL INFORMATION 
A 1. Please state when and if research results of this project were first implemented. 
A 2. Clients or sponsors using the research results. Please list the primary contact 
person for each agency or organization using the research results of this project. 
SECTION B: ECONOMIC ASSESSMENT OF PROJECT 
Please, try to answer the following questions as thoroughly and precisely as possible. 
B I. What was the deciding factor(s) that led to the research project approval (e.g. 
project cost competitiveness, project's innovative approach, etc)? 
B 2. What was the total cost for this project? 
B 3. What was the most significant benefit or benefits of this project? Please, specify 
both qualitative and quantitative benefits. 
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B 4. What was the initially expected time frame to complete the project ( e.g. as per 
scope of work)? Please, specify length in months or years 
B 5. What was the actual time frame to complete the project? Please, specify length in 
months or years 
B 6. Please define and quantify any expected annualized direct benefits or revenue 
potential resulting from the project implementation or recommendations. 
B7. 
B8. 
B9. 
Was this project follow-on from previous research recommendations? 
Did the project result in a subsequent awarding of another project? If so, please 
state the name and value of the follow on project(s). 
What was the initial perception of project success in terms of implementation of 
its recommendations? (circle a number) 
0 1 2 
Not successful 
3 4 5 
Successful 
Center For Urban Transportation Research 
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B 10. How would you best describe the subject of the research in terms of its risk to the 
sponsoring agency? (circle a number) 
Very likely to yield useable results for the sponsor 
Somewhat likely that the results would be able to be used by the sponsor 
Somewhat unlikely to result in direct impact to the sponsor 
Highly speculative that the research yield a result that could be implemented 
SECTION B: ECONOMIC ASSESSMENT OF PROJECT 
B 11. Did the project result in any of the following? 
Type of impacts Yes/No 
Increased Productivity 
Overall Cost Savings 
Accident Cost Savings 
Increased Job Productivity 
Increased Safety 
Decreased Highway Usage 
Other (please specify) 
Estimated 
Annualized 
Value($) 
B 12. In your own words, what was the economic impact of this project (i.e. increase in 
productivity, reduction in costs, etc? 
B 13. Other comments you would like to add? 
Center For Urban Transportation Research 
1 I /8/2002 
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Classify this Was this 
Project Total annual cost project a research project 
follow-on? 
I D,E 50,000/year No 
2 CE 55,000/year No 
3 E 70,000/vear No 
4 A,B,E 250,000 No 
5 A 126,000 No 
6 B 200,000 No 
7 A,C,E,F 45,000 No 
8 B,D 50,000 No 
9 E 98,584 1icles on Fie 
10 C 150,000 No 
II A unknown 11 mobile so, 
Center For l J rban Transportation Research 
11/8/2002 
Did it result in 
the awarding of Success Risk Projected time frame 
another project? 
No 4 I 18 months 
No 0 2 18 months 
No 3 2 18 months 
No 4 2 24 months 
No 4 2 12/12 months 
YES 5 I 12 months 
No 5 I 24 months 
No 3 2 12 months 
NO 5 I 2 years 
YES 5 I 18 months 
NO 3 2 12 months 
Did you 
Subsequent proceed to Annualized 
Actual time frame implementation implement costs for this 
phase these phase 
findings? 
39 months No 
25 months No 
l9months No 
18 months No 
36/48 months Yes 
24 months Yes Yes 
24 months Yes Yes 
18 months Yes 
2 years Yes to USDOT for none to FOOT 
24 months Yes 
24 months Yes 
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Project 
Classify this 
Total annual cost 
research project 
12 A 200000 
13 D.E.F 80.000 
14 E 39.33700 
15 E 58,800 
16 A 299.979 
17 B.D 150.000 
18 E 5S 000 
19 D 99,420 
20 E 63.363 
21 E 
22 B 32000 
23 B,E.F 105,325 
Center For Urban Transportation Research 
11/8/2002 
Wastbis 
project II 
follow-on? 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Did It result in 
tbe 11w11rdlng of Success Risk Projected time frame 
another project'! 
YES 3 I 2 vears 
NO 4 I 2 vears 
NO 5 I 4 months 
NO 5 I 3.5 months 
NO 4 2 3 vears 
NO 4 I 2 vears 
NO 4 I I vear 
NO 4 2 I vear 
YES NIA I l6months 
NO NIA 2 I vear 
NO 3 2 IS months 
NO 5 I 24 months 
Subsequent 
Did you 
Annualized 
Actual time frame implementation 
proceed to 
costs for this implement 
phase th...,. pb11se 
4 vears Yes 
30 months Yes 
4 months Yes 
4 months Yes 
4 vears No No NIA 
4 vears Yes 
16 months Yes 
18 months Yes 
IS months Yes/Somewhat No 
I vear Yes/Somewhat Jf Internet reoo1 NIA 
15 months No 
24 months Yes immediately none 
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Project 
aassify this 
Total annual cost 
research project 
24 C.F 100,000 
25 E 449,982 
26 E 95,000 
27 C See Contract 
28 A See contract 
29 C See contract 
30 C See contract 
31 C See contract 
32 D See contract 
33 E See contract 
34 C See contract 
Center For Urban lranspo11ation Research 
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Wus this 
project a 
follow-on? 
No 
No 
I, and unlrca1 
~in asphalt 
No 
No 
No 
}TM) for so 
No 
pf use of cru 
sis and spec 
Did it result in 
the awarding of Success Risk Projected time frame 
another project? 
NO 5 I 18 months 
NO 4 I 2 vears 
NO 5 I 2 vears 
NO 5 I See contract documents 
No 4 2 N.A. 
YES 4 2 N.A. 
YES 4 2 N.A. 
NO 4 3 N.A. 
NO 4 I N.A. 
NO 5 I N.A. 
YES 5 I N.A. 
Subsequent 
Did you 
Annualized 
Actual time frume implementation proceed to costs for this 
phase 
implement 
phase 
th-.. 
24 months Yes immediately none 
not vet comoleted Yes/Somewhat 
3 Years Yes/Somewhat NIA NIA 
Yes spec developm Not available 
No 
Yes/Somewhat 
No 
No 
No 
Yes 
Yes 
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Project 
Classify this 
Total annual cost 
research project 
35 D See contract 
36 A Sec contract 
37 F 270,000 
38 F 142,800 
39 A.B.F 30,000 
40 E 249,554 
41 E 149,900 
42 E 200,000 
43 A 122.418 
44 C 132.970 
45 A.B 178,034 
46 C 39,970 
Center For Urban Transportation Research 
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Was this 
project a 
follow-on? 
No 
~lerated A~c 
sis a yearly 
sis a yearly 
No 
No 
No 
rmsion Prot 
Reinforced 
No 
No 
No 
Did it result in 
the awarding of Success Risk Projected time frame 
another project? 
NO 4 1 N.A. 
NO 5 I N.A. 
NO 5 4 I vear 
NO 4 4 1 vcar 
NO 5 I 3 months 
NO 5 I 30 months 
NO 5 I 29months 
YES 4 I 26 months 
YES 5 I 30 months 
YES 4 I 27months 
NO 4 1 18 months 
NO 3 2 18 months 
Subsequent 
Did you 
Annualized 
Actual time frame implementation 
proceed to 
costs for this implement 
phase "--- phase 
Yes 
Y cs/Somewhat 
I vear Yes 
1 year Yes 
3 months Yes Two weeks $30K 
40months No 
5 years Yes 
5 vears Yes 
34 months Yes 
31 months No 
21 months No 
42 months No 
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Principal Investigator Project Survey Template 
INTRODUCTION 
The Center for Urban Transportation Research (CUTR), at the Uni versity of South 
Florida, is conducting a study on behalf of the Florida Department o f T ransportation 
Research Center. This study is indented to develop and test various methodologies to 
provide some measures of the benefits and returns on research expenditures. 
The information collected from you w ill remain stri ctly confidential, and your name or 
other identifying information will not appear on any survey reports. Only aggregate data 
will be analyzed and reported. As a project manager or principal investigator responsible 
for the projects in question, you can help us by answering a few questions about the 
research projects you have performed or managed. Your input is very important to us, 
and it will help us to assess and document the benefi ts of transportation research in 
Florida. This survey will take just a few minutes to complete and your partic ipation is 
complete ly voluntary. Thank your for your assistance. 
Should you require any assistance in completing the survey, please contact Mr. Stephen 
L. Reich (8 13-974-3 120, reich(@cutr.usf.edu) or Mr. Sisinnio Concas (8 13-974 -7760, 
concas(@cutr.usf. edu) at CUTR. 
Sincerely, 
Stephen L. Reich 
Principa l Investigator 
RESEARCH PROJECT IDENTIFICATION 
Research Project Title 
Center l·or lJrban I ran~ponation Resean.:h 
11 /8 '2002 
Contract Principal 
Investieator 
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SECTION A: GENERAL INFORMATION 
A 1. Please state when and if research results of this project were first implemented. 
A 2. Clients or sponsors using the research results. Please list the primary contact 
person for each agency or organization using the research results of this project. 
SECTION B: ECONOMIC ASSESSMENT OF PROJECT 
Please, try to answer the following questions as thoroughly and precisely as possible. 
B 1. What was the deciding factor(s) that led to the research project approval (e.g. 
project cost competitiveness, project's innovative approach, etc)? 
B 2. What was the total cost for this project? 
B 3. What was the most significant benefit or benefits of this project? Please, specify 
both qualitative and quantitative benefits. 
Center For Urban Transportation Research 
11/8/2002 
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B 4. What was the initially expected time frame to complete the project (e.g. as per 
scope of work)? Please, specify length in months or years 
B 5. What was the actual time frame to complete the project? Please, specify length in 
months or years 
B 6. Please define and quantify any expected annualized direct benefits or revenue 
potential resulting from the project implementation or recommendations. 
B 7. Was this project follow-on from previous research recommendations? 
B 8. Did the project result in a subsequent awarding of another project? If so, please 
state the name and value of the follow on project(s). 
B 9. What was the initial perception of project success in terms of implementation of 
its recommendations? (circle a number) 
0 I 
Not successful 
Center For Urban Transportation Research 
11 /8/200~ 
2 3 4 5 
Successful 
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B 10. How would you best describe the subject of the research in terms of its risk to the 
sponsoring agency? (circle a number) 
Very likely to yield useable results for the sponsor 
Somewhat likely that the results would be able to be used by the sponsor 
Somewhat unlikely to result in direct impact to the sponsor 
Highly speculative that the research yield a result that could be implemented 
SECTION B: ECONOMIC ASSESSMENT OF PROJECT 
B 11. Did the project result in any of the following? 
Type of impacts Yes/No 
Increased Productivity 
Overall Cost Savings 
Accident Cost Savings 
Increased Job Productivity 
Increased Safety 
Decreased Highway Usage 
Other (please specify) 
Estimated 
Annualized 
Value($) 
B 12. In your own words, what was the economic impact of this project (i.e. increase in 
productivity, reduction in costs, etc? 
B 13. Other comments you would like to add? 
Center For Urban Transportation Research 
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Project Deciding factor(s) that led to Total cost for this 
the research project approval 
1 1auick and inexpensive 
2 importance of subject 
3 topic of state concern 
4 12reat interest to FOOT 
5 1great interest to FOOT 
6 
7 CUTR's expertise in ITS plannirn 
8 Working relation with PM. 
9 training need for new technology 
Center For Urban Transportation Rt!search 
I I /8/2002 
project 
272,000 
110,000 
75.000 
100.000 
70.000 
191.500 
118.000 
60,000 
142,800 
Initially 
Benefits of this project expected time 
frame (months) 
NONE 36 
15 
15 
better understanding of the effec~ 18 
better understandin2 of the effec~ 12 
product and trainin2 on the produ 24 
established sin2le document. train 18 
revised methods for performing s, 16 
thouroughness of training materia II 
Annualized 
Actual time Expected annualized direct predicted costs to 
frame (months) benefits or revenue potential implement the 
project 
48 none none 
21 
better hurricane evacutation 
18 procedure, possible life savin2 
better assessment of freeway 
capacity, better indetify 
improvement needs. helps for 
24 future revisions 
better assessment of intersection 
capacity, better indetify 
improvement needs, helps for 
18 future revisions 
24 
18 None None 
16 transit aJ?,encies that use the accide11 None 
11 increased implementation 
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Subsequent 
Project 
Was this project a awarding of 
follow-on another 
project 
l NO NO 
2 YES YES 
3 NO NO 
4 YES NO 
s NO YES 
6 NO NO 
7 NO YES 
8 NO NO 
9 YES NO 
Center For Urban Transportation Research 
I I /8/2002 
Risk to the 
Initial perception 
sponsoring Project results 
of project success 
agency 
0 3 
s l Cost Savings 
Accident Cost Saving. 
4 l Increased Safety 
4 2 
4 2 more accurate assessment 
3 2 
incresed awareness and 
knowledge of application -
4 l saves millions 
overall cost savings, accident 
4 l cost savimzs, increased safety 
4 I Overall cost savings, other 
Economic benefits Other qualitative benefits 
Classify this 
research project 
none B.D 
B.E.F 
savings oflives C.E 
better decisions about needed 
imorovements B.E 
better decisions about needed 
improvements B.E 
A,C 
guidebook was nominated by 
saved planning staffs and FOOT for ITS America Annual 
time A ward of excellence F 
decreased accidents at transit 
aaencies B.E,F 
showcase presentation tormat 
flexibility very effective B,E,F 
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Project 
Deciding factor(s) that led to 
the rese:i rch Jlrojcct ap1iroval 
10 
I I 
12 
improvcmc11t/mod ificatio11 of 
cxis1in1.?. BCr tcnninals 
13 
li1tlc research money had been 
i11vcs1cd in motorcycle safety 
FOOT needed product 
14 
specificati on and applicat1011 
methodology before they could 
use compost along roadways 
use o f innovative technologies. 
15 improvc1ncn1 of c urre11t busi11css 
practices 
16 public safety issue 
Center l·or llrban I rnnsporta1io11 Research 
I I 8/2002 
Tota l cost for th is 
1iroject 
2 1,000 
87,000 
100,000 
5 7,435 
238,224 
72,260 
136,600 
Init ially 
Benefits of this project expected t ime 
frame (months) 
Update incorporated recent 
research, methodologies. :1ncl 
slatistical infonnation, along with 
7,5 
examp les of how to ;,pply the 
methodologies. T he biggest 
benefit is the user-friendliness. 
Transit agencies received direct 
co1np:1risons of custo1ncr 
satis foction to o ther agency 
performance: at a state DOT 
12 
leve l, the ability to 
simul1ancous ly cxa1ninc 
J>Crforrn ancc of muluple lransit 
agencies may have been helpful 
technical modifications improve 
24 
safctv on hi L?.hw:w s 
q11a111ificd level of helmet usage 15 
sec ll2 : tmined FOOT 
maintanancc engineers: he lped 
FOOT meet the legislative 36 
111,mdate for s tate agencies to 
utilize rcczclcd 111a1cna ls 
significant cost savings, 
improvement in current business 12 
practices 
s..'l.fcr. more reliable break-away 
sign connections / new 
24 
i11s1al lation procedure for break-
awav s il!ns 
Annu:ilized 
Actuul time Ex11ccted annualized direct )lredicted costs to 
frmne (months) benefits o r revenue potent ial i11111ll'mcnt the 
project 
No added costs, but 
potcnti.il savings in 
12.5 
lime :md labor to 
govcmmcnt , transit 
agency. and/or 
co11s11ltan1. 
d irccllonal 111fonnation - 111:iy 
12 results ulllnrntcly 111 revenue 
gcncr:ition or other benefits 
30 higher level o f luglm.iy sa fety 
15 0 0 
cost s.1vings - clin1111mcd need for 
38 top soi l, reduced need for 
purchase o f the 
fertilizers 
compost 
es1i111a1cd design savings: 
4,500,000: estimated savings fro m 
12 
e11rrc11 t opcra11011s: 480,6000: 
1,261,200 p.a . 
estimated FDOT user savim!s: 
24 
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Subsequent 
Project 
Was this project a awarding of 
follow-on another 
project 
IO NO NO 
11 NO NO 
12 NO NO 
13 YES YES 
14 NO YES 
15 unknown unknown 
16 NO NO 
Center For Urban Transportation Research 
I I /8/2002 
Risk to the 
Initial perception 
sponsoring Project results of project success 
agency 
Increased Productivity, Overall 
5 I Cost Savings, Increased Job 
Productivity 
Increased Productivity, Overall 
3 l Cost Savings, Increased Job 
Productivity, Increased Safety 
5 l 
Accident Cost Savings, Increased 
Safety 
I 
5 I all (except job productivity) 
increased productivity, overall 
5 I cost savings, increased job 
productivity, increased safety 
I 2 
Economic benefits Other qualitative benefits 
Classify this 
research project 
A,B,C,D,E 
better understanding of 
customer needs for the 
agency, better understanding C 
of relative agency 
perfonnance for FOOT 
increased highway safety A,C,E 
none today none E 
less money and time is 
necessary for vegetation can help erosion to road shoulders B,C,D,F 
along those roadsides 
see pp 15-20 in report C,D 
A,B 
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Deciding factor(s) 
Project 
that led to the 
research project 
approval 
17 increase overall realism 
18 continued utility of USF 
19 innovative approach anc 
20 innovative approach anc 
21 use of visualization tect 
22 project's innovative app 
23 poor access managemer: 
24 My guess would be inn< 
Center For lJrhan Transportation Research 
I I /8/2002 
Total cost for 
this project 
45,150 
30,000 
29,531 
137,707 
79,913 
87,500 
63,363 
135,000 
Initially 
Benefits of this expected time 
project frame 
(months) 
framework for c1 24 
recommended si 12 
we identified tw 17 
we learned muct 24 
provided decisio 13 
I provided FDff II 
Tough to say 16 
I) Development 18 
Actual time Expected annualized direct 
Annualized 
frame benefits or revenue 
predicted costs to 
(months) potential 
implement the 
project 
not completed none NIA 
12 unknown unknown 
17 unknown unknown 
24 unknown unknown 
critical information and 
ability to understand 
13 implications of decisions 
11 direct benefits - reduced the I costs - changing of 
18 Impossible to quantify $14,000 - pilot int 
29 The application of the model Really weren't rec, 
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Project 
Was this project 
a follow-on 
17 NO 
18 NO 
19 YES 
20 YES 
21 NO 
22 NO 
23 NO 
24 NO 
Center For Urban Transportation Research 
11/8/2002 
Subsequent 
Initial 
awarding of 
perception of 
another 
project 
project success 
YES 2 
unknown 4 
NO 3 
NO 2 (FDOT) I 5 (ot 
NO 2 
NO 4 
NO 4 
YES 5 
Risk to the 
sponsoring Project results 
Economic 
benefits 
agency 
2 
,. 
independent 
assessment 
1 and research 
turfgrass 
should 
2 reduce need 
groundwater 
shoud reduce 
2 need for 
saved time 
2 Increased produ1 and money 
upfront 
planning. 
1 Increased produ1 Reduced law . 
useful life of 
the facility -
1 all reduced 
fact that the 
results could 
2 Increased Produ not be 
88 
Other Classify this 
qualitative research 
benefits project 
This project h B,F 
A,C 
Replacement c B,E 
Replacement c B,E,F 
decreased frus A,F 
Recs provided B,D 
Improve prod1 E 
See 8-3 A,B,E,F 
JL 
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Appendix C 
Survey of other DOT research centers 
Center For Urban Transportation Research 
11/8/2002 
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I a/11i11g !he /Je11e/iI.1 o/Trw1s11ur1uI11m Ri:.,earch. I \lamx l11proach 
DOT Contact 
Alabama Jeffery Brown 334-206-2288 
Alaska Simon howell@dot.statc.ak.us 
---
Dale Steele - ds1cclc@do1.s1a1c.az.us 
Arizona 
Steve Owens - s1owcn/iildo1.s1a1e.az.us 
---
Arkansas Alan.mcadors/iilah1d.s1a1c.ar.ua -
California Kazem Anaranliildot.ca.gov 
Colorado Joan.pida111on1/iildo1.s1a1c.co.us 
Connecticut .lamcs.simcliilpo.s1a1c.c1.us 
Delaware Larry Klcpncr lklepncr@mail.do1.~1ate.dc.us 
Georgia 
Adfo Amekudzi -
adjo.amckudzi/iilce.!!alcch.cdu ' --
Hawaii Julia Tsumoto do1s1n@cxcc.s1a1c.hi.us 
Idaho Doug Benzon - dhcnzon@itd.statc.id.us 
Illinois T2LRSDOT@111.do1.s1atc. il.us 
---
Indiana Barry Partridge hpanridgcliilindo1.s1a1c. in.us 
--
Iowa 
Sandra Larson - P.E. 
Sandra.larson/iildo1.s1a1c.ia.us --
Kansas Lon Ingram - lingramliilksdot.org 
Kentucky Paul Toussaint - 1oussain(@engr.uky.edu 
--
Louisiana Joe T. Baker. P.E. jhakcr/aldo1d.s1a1c.la.us 
Center for l lrban I rnnsportation Rc~earc.:h 
I I / 8/2002 
I 
I 
Response 
YIN Detail 
---
y No specific work undcnakcn to 
date --- --
y Previous Efforts 
--·- ·-·- -
y Not aware of prior work 
- ---
---
y Previous Efforts 
- -- --
y Previous Effons 
-
- -- ---
y No specific work undertaken 10 
date 
-f-
y No specific work undertaken to 
date 
y Not aware of prior work 
-- -----
y No specific work undertaken 10 
date - ---
y Refe renced Kansas DOT 
Referenced Joint Transportation y 
Research Program (JTRP) 
- - -•- --
y Previous Efforts 
-
y Current Efforts 
- --•·- .. •·--
- ---
Arliclcs/Rcports 
Author Title Lil. Review 
- - -
-
Arizona Cost Benefit Analysis of the ARTC 
I 
DOT _r:csearch prog!:<_1111 
I 
-
I --
-
Fielding. 
New Technology Research: Cost 
Gordon: 
I 
YES 
Cohn. Linda 
and Ocncfi ts 
Colorado I DOT 
--
I 
l 
I 
Joint 
Transportati 
on Research Research Pays Off 
Program 
(JTRP) 
•--
Guidelines for Estimating the 
Dr. Robert Triennial Benefits of Kansas 
Stokes Transportation Research and New 
Developments 
-
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DOT Contact 
Maine Dale Peabody - dale.Peabodv@state.me.us 
_M~ryland 111d1a0Jmdot.state.md.us 
Massachuse11s 
Thomas Broderick -
thoma,.hrodcrik@M HD.state. ma.us 
Mich igan John Reineke - reinkej@michigan.gov 
Minnesota 
Abigail Mckenzie -
abbv.111ckenzic@do1.s1a1e.mn.us 
Mississi~pi .lames 1-1. Koof- jkog~ mdot.statc.ms.us 
Missouri 
Ray Purvis (573) 75 1-3002-
purvir@mail.modot.state.mo.us -- ---
Montana Susan Sillik - ssillick@s1a1c.m1.us 
Nebraska Leona Kolbet - lkolbe1@do1.s1a1e.ne.us 
Nevada Alan Hilton - ahi lton@dot.state.nv.us 
New 
Hampshire 
New Jersey Nick Vitillo - nick.vi1illo@do1.s1ate.11j.us 
New Mexico David Albright - Albright@unm.edu 
New York Sreevinas Alamapalli 
salamgall i@gw.do1.s1a1e.11v.us 
North Carolina Douglas Cox dcox@do1.s1a1c.nc.us 
North Dakota Grant Levi glcvi@s1a1e.nd.us 
---
Ohio Monigue.Evans@dot.state.oh.us 
C.:111er For Urban l'ransponation R..:search 
I I / 8/2002 
Response 
YIN Detail 
y Referenced NCI-IRP (Sabol) 
y Not aware of prior work 
-
y Not aware of prior work 
y No specific work undertaken to 
date 
y ~ specific work undertaken to 
date 
y No specific work undertaken to 
date 
---
y No specific work undertaken to 
date 
y Previous Efforts: details yet to 
come 
y Previous Efforts ; details yet to 
come 
y No specific work undertaken to 
date 
y No specific work undertaken to 
date -
y Previous Efforts 
Articles/Reports 
Author Tit le 
Literature 
Review 
National 
Cooperative Performance Measures for 
Highway Research. Development. and 
Research 
Program -
Technology Programs 
Scou Sabol 
--
---
University of Evaluation ofODOT Research and 
Toledo Implementation Effectiveness --
Transportatio Research Pays Off- same as 
n Research 
Indiana 
Board 
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DOT Contact 
Oklahoma David Ooten - dooten@ 
--- ---
Oregon Barnie P.Jones@odot.state.ok.us 
---- -- - --- ---
Jodi Sivak - jsivak@dot.state.pa.ua 
Pennsylvania 
John /\. Anderson jaaS@psu.edu 
-- --- ---
Rhode Island K. Wayne Lee lccw@egr.ure.edu 
-- --- -- ---
South Carolina Miele S;111ders sandersmr@dot.state.sc.us 
South Dakota Dave I lufl/a)state.sd.us 
-- -- --
Tennessee 
.I Bruce Saltsman. Sr. 
TDOT.comn1issioner@state.tn.us 
-····-
Texas Tom Yarbrough 
-
Utah Stan Burns sburns@dot.state.ut.us 
-- - ----- ·---·- - ·--
Vermont Scoll Sabol ssabol(ll)vtc.cdu 
--
Carolyn Goodman 
Virginia goodmanCD@vdot.state.va.us 
-
Washington Martin Piets nie1zmhvsdo1.wa.gov 
·--- - -
West Virgi nia John Lancaster jlancaster@dot.state.wv.us 
-- --
Wisconsin Nina.mclawhorn@dot.statc.wi.us 
--- -- -
Wyoming Dclbcr McOmic dmcomi@dot.sate.wv.us 
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Response 
YIN I Detail Author I 
y No specific work undertaken to date 
--
y No specific work undertaken to date 
Ross i, 
Directs Penn State University LTAP Freeman. 
y _ _lipSe)' __ 
No specific work undertaken to date 
y No specific work undertaken to date 
---
- -
y No specific work undertaken to date 
- --
--
---
Scolt y Current Efforts Sabol 
No specific work undertaken to date- Scoll y 
on NCHRP Pane Sabol 
---
Scolt y Current Efforts Sabol 
y No specific work undertaken to date 
y Current Efforts 
Scolt 
Sabol 
---
y Previous Efforts 
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Articles/Reports 
Title I Lit. Review 
---
--· 
Evaluat ion: /\ Systematic 
/\pproaeh 
Transportation Technology 
Transfer: /\ Primer on the State of 
the Practice --
-- - - -
Performance Me,m1rcs for 
-
Research. Development. and 
Technology Programs -
Perfo rmance Me,l5ures fo r 
Research. Development. and 
Technology Programs 
Performance Measures for 
Research. Development. and 
Technology Programs --
Performance Measures fo r 
Research. Development, and 
Technology Programs_ 
Valuing the Benefits (4Transportation Research: A Matrfr Approach 
AppendixD 
Data Collection for Model Validation: 
Center For Urban Transportation Research 
11/8/2002 
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Project Number: Project Title: 
Please rtlle each af t he benefit .wvmg., types /wed 11s111g " .,cale of I to 10 as detailed he/ow. 
Rating C uidc: 
NA = rac1or docs nol apply 10 1his projcc1; 
0 = no bencfil al a ll; 
I = a perceived feeling lhal lhe proj ccl has some bencfi1: 
5 = some evidence and slrong subjeclive feeling 1ha1 lhe projccl has posilivc benefil: 
10 = clear evidence lhc projecl has cxccllcm, posilive benefit 
Nexl, please circle or shade the approp riate S ranges o f estima1ed benefits/costs . 
SECTION I - Economic Benefits Assessment 
i\los l likt ly 1imr frame O\'tr whirh .!!!£!.:!1!_ 
saving5 ,, ill occur Circle or .,·Juulc 1-3 years 3-5 years 5- 10 years 10-15 years 15-20 years 20 -25 years 30 + years 
o·J,fr/u:w!r apprapritllc 
Construction avings Rating OVERALL Construction Sa,•ings Ra nge - Circle or s hade whichever appropriate 
Materials Lowes l SO - SOHi S06 - Sl M SI ~1- SSM S6 ~l-S lO~ l Sll ~I-S10 ~1 S20 ~I ➔ 
Labor M on l iktl) SO-SOHi S06 - SI ~I SI ~1- SS ~I S6 M-S 10~1 SI I ~I-S10 ~I S20 l--1 .., 
Equipment llighrst SO - SO 5 ~I S0 6-SI ~I SI ~I- SHI S6~1-S 10~1 SI I ~!-SW~! S10 ~I • 
Time Artual Savings if known: $ 
Time 11c-rio1I of savings i 
known 
Maintenance Savings Rating OVERALL Mainte na nce Savings Ra nge - Circle or sha de whiche,•e r appropriate 
Materials Lowest SO-SO SM S0 6 -SI ~I SI ~I-SHI S6 M-S 10~1 SIi ~I-S20 ~1 $20 rvt + 
Labor l\lost likt-1) SO-SOHi S0 6 - SI ~I SI ~I-SHI S6~1-S 10~1 SI I ~I-SW~! S20 M .., 
Equipmcnl llighest SO · SO 5 ~I S06- SI ~I SI ~1-SSM S6 ~1-S IOM SI I M-S10 ~I S20 r-. t + 
Time Actual Sa, •ings if known: S 
Time p<'r iod o r srw ings if 
known 
Project Number: 0 Project Title: 
SECTION I - Economic Benefits Assessment (Co11ti1111ed) 
Administrative Savings Rating OVERALL Administrative Savings Range · Circle or shade whichever appropriate 
Planning/Design Lowcs1 SO· SO 5 ~I S06-SI M SI ~1- SS ~I S6 ~1-S 10 ~1 SI I ~I-S20 ~I S:?OM + 
Increased Productivily 1\tos1 likcl) SO - SOHi S06 - SI ~I SI ~I -SHI S6~1-S 10~1 SI I ~I-S20 ~I s2or-.1 .. 
llighC'S I SO- SOHi $06 - SI M SI ~I - SHI S6 M -S IOM SI I ~I-S20 ~I S20 M + 
Ac1t1al Siwings irknown: S Time pt'riod o r s:n
1ings i 
known 
II Technology Rnting OVERALL Technology Savings Range - Circle or shade whichever appropriate 
Tech. Transfer Lowcs1 SO-SOS~! S0 6 -Sl ~I SI ~! - SHI S6~1-S 10~1 S 11 ~I-S20 ~I S20 M .. 
New Methods Most l ikcl) SO- SO Hi S06-SI M SI ~I - SHI S6 M-S 10 ~1 SI I M-S20 ~I S20 ~I + 
New Procedures ll ighest SO · SO 5 ~I S06-S I ~I Sl~I- SS ~I S6 M -S 10 ~I SI I r,..1.s20 r,..1 S20 ~I • 
A<"l ual Sin ·ings ir known: $ 
Time p<"riod o r sa,·ings il 
known 
C..:n tcr For Urban I ransportal ion R..:s..:an.:h 94 
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Valuing the Benefits (?/Transportation Research: A Matrix Approach 
Appendix E 
Black-Scholes Differential Equation 
for Option Valuation 
Center For Urban Transportation Research 
11/8/2002 
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Black-Scholes Option Pricing Model 
In the Black-Scholes model, a fair value for an option is the present value of the option 
payoff at expiration under a risk-neutral random walk for the underlying asset prices. The 
equation computes the value of a European option; that is, an option that can only be 
exercised at the expiration date. The expected present value of the payoff is: 
Where: 
r = risk neutral interest rate; 
T = Time to expiration; 
K = strike price; 
S = price of the underlying asset 
In order to compute this expectation, Black and Scholes (1973) modeled the stochastic 
process generating the price of a non-dividend-paying stock as a geometric Brownian 
motion. The Black-Scholes price for a European Call option on a non-dividend-paying 
stock is: 
Where: 
c, (S,, T-t) = S,N(d, )- Ke-r<T-1) N(d2 ), 
di= log(S, / K) + (r + 1120-2 )(T-t) 
o-.JT-t 
Note: N ( di) is the cumulative distribution value for a standard normal variable with 
value. 
Center For Urban Transportation Research 
1118/2002 
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